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Fundamental Study on the Semiconductive 
Properties of Iron Pyrites 
Katsuaki Kikuchi， Shinichiro Yamada， Junji Nanjo， 
Shigeru Nomura and Shinichi Hara 
Abstract 
Some semiconductive properties of natural single crystals of iron p戸itewere studied by 
measuring the resistivity， Hall mobility， and the crystal structure and the impurities were analized 
by the methods of x-ray diffraction and x-ray microanalysis. Resistiviti巴sas a function of 
temperature were measured on several samples in th巴 rangefrom -120oC to 400oC; from th巴se
results the width of th巴 forbidd巴nband was estimated to be 1.32 e V. RoorrトtemperatureHall 
mobilities were found to be small compared with thos巴 ofthe other typical semiconductors such 
as germanium and silicon. In order to convert electrical conductivity type from n into p， sulfur 
was diffused into the pyrite in th巴 atmosphereof nitrogen and sulphuretted hydrogen. The 























































































































































VH = 一一一云竺一一 [voltl 
















Table 1. Ha!l coe伍ciets，carrier concentrations， 
resistivities and mobilities. 
試 料 ホーノレ係数 キャリア濃度 抵 す克 率 移 動 度
No. RH [cm/Coul] n [X 1Q18!cm3] P [Q一cm] μ[cm2/volt-s巴c]
3 59.0 0.105 1.550 38.4 
4 - 50.8 0.123 0.097 524.0 
5 318.0 0.0196 0.050 638.0 













6 菊地克昭・山田慎一郎・南条j享二・野村 滋・原 進一
強度は第2表の如くである。 この結果では鉄 (Fe)と硫黄 (S)によるピークのみしか検出され











50 55 - 20 40 45- 50 55 20 
第6図 X線回折チャート
Fig. 6. Chart of X四raydiffraction. 
第2表 X線回折データ
60 
Table 2. Datas of X-ray diffraction. 








23.8 1 50.7 1 6 56.1 
46.9 1 100.0 1I 7 61.5 
32.6 69.5 8 64.2 






























(ω 電極構建 (C) 整流守幸牲
第8図 点接触による整流作用の測定













第 9図 (a) 電解研摩法







ロム系溶液を用い，温度を 90UC位に保ち， 電流 て
¥一密度 100-200mAで研摩を行なった。その結果，













第9図 (b) 電解研摩の電圧 電流特性
Fig. 9 (b). Characteristic of V vs. 1. 






ば， p-n接合の作製が可能になることも考慮し， p Jf5結品の作製を試みた。 ゲ、ルマニウムやシ





















































'" dit料硯d十卜 よ 15JU子試科
第1図 硫黄の拡散装置
Fig. 11. Apparatus for S diffusion. 
第3表硫黄の拡散
Table 3. Diffusion of sulpher. 
lhTlI¥ 1'!:I1 ~ 1LF 結
1 1 500 1 60 1 H2S中でSを拡散 i変化なし。
ぅ温調fiJ/必へ
果
16001601 " I~ 形にいるoo1 " 1恥れ黒色化問にもろく強く討とく山0
315501601 "向上







7 1 520 1 60 " |①②の机ーじ。但し，すべて n形
8 1 340 1 60 " |酌ロムでラップした加用L る。光沢をもった黒みがかった赤かっ色。すべて n形
9 1 1，000 60 " 赤色化し，ポロポロになる。 P，N判定不可能。
101 260 1 60 " |酸化クロムでラップした試料。変化なし。
111 260 I 120 " |上の試料を引続き使用。変化なし。
12 I 400 1 60lNzmのみで加熱|カイランダムでラップした試料(Sを入れない) 赤さびのような色がつく。
13 I 340 I " l酌ロムでラップした試料光沢をもった黒みがかった赤かっ色。
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Dynamic Characteristics of the Variable Speed 
Synchronous Machine (II) 
Osamu Kondo 
~ Abstract 
In this paper， the author discusses the nonlinear characteristics of the variable speed synchro-
nous machine， especially th巴 nonlinears吟bilityof the system when a large load torque is suddenly 
applied to its shaft. 
Generally， a system containing synchronous machine has inherently the troble of step out 
on the operation because of power angl巴 characteristicsof the machine， so the variable speed 
synchronous machine could not get rid of this phenomena since its main machine is synchronous 
machine. 
The moment of inertia of the revolving stator and magnetic fiux of the auxiliary machine 
which are important to design and operation of the system affect the nonlinear stability of th巴
system. These effects are investigated by using an analogue computer. 
The results of the analysis are as fo@llows. 
(1) Nonlinear stability of the system depends mainly on the responsibility of th巴 revolving
stator and the energy absobed into the auxiliary machines. 
(2) Under the condition Is:;'lr， where 18 is th巴 momentof inertia of the revolving stator and 
1r is the moment of inertia of the rotor of the system， the nonlinear stability limit agrees with 
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るから， 図 3のf(O)の曲線は同-0に対して， (ふ+払)1ふ倍に拡大され，従ってこの曲線に
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干低下する。回転子側慣性モーメントの値が大きくなると， [可 ~f(ò) に対して，一般的に振動
の減衰は小さくなるが，安定限界印加トルク値は低下しない。図-13は lr=2.051氾_m2とし，




である。内部相差角の動揺は消えていな 。。 / 2 3 4 
いが，その波形は可成り特異性が見られ 、ξ'ヘこコ ヨ2，0口 d 
1-(sec) 
る。即ち，前述の諸例に於いては動揺の 句 !.o。 2 3 4 1サイクル目に最大値に達しそこで安





三jしている。 Lの増加と共にこの現象は著 / -f(占) 2 3 チ
しくなるが，特に安定性の低下とはなら
ず，むしろめ， 98の変化に鈍感になる等 (ω(0-ωο 
有利な傾向が得られた。
/ 2 ヨ 4 
図-14は回転子側慣性モーメントを
「白ツ'soιIS) 
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にする。 即ち， 固定子が完全に回転子の動揺に追従する場合 (18=0)， 両者の関連を示す曲線
は， 原点を通り， 横軸と 45度の角度をなす， O-A-B直線になるが， 追従性の悪い程， 同一
ωsの値に対して叫の変動が大になる。 曲線(1)は 18/1r=8の場合， 固定子はゆるやかに加速
し， 回転子がそれを中心として振動をし ついに A点に収飲する。 曲線 (2)，曲線 (3)と固定











Jω 九(ふ+ふ)ム.1>8L一一三十一一一一一一的 =f(o)十一一一 ω。
dt (5 ) 
を得る。 この式より，f(o)の時間に対する変化が決定されると， 固定子側角速度の変化，従っ
てその追従性も明確にされる。定性的には (5)式より求められる叫の時定数
で=18R!φ8 (~ふ+やゐ (6 ) 
の大小によっても追従性についての目安が得られる。 日1ち， 1.， Rが大なる程， φ8，や，>;O'fJ¥ i:c 













d ( 仰~2 ¥ ， v ， dd 一~(←ー)十 αvωω~-rω - (1)~f(ð)+らω;i=Tzω;
γ dt ¥ 2 ) '~r~r~r '~r dt (7 ) 
同様に固定子側トルク平衡式は
d (W:2 ¥、 v ， dd 
18dt ¥2 )-r-α8(1)8W8-/ Ws dt ω~f(ð) 千 Øs叫ぶ=。 (8 ) 
(7)， (8)式を加え積分して
lr~アJJ7dベ((1)i2引)+1.刊18t~ d(伴子引)+川刈+j:古(ト;Jシ(付仇Mα叫a'ru)川刈ω叫仏;
一J: 仙 ω叫;心川)げ凶)f(d点N川似例め)d件寸べ叫~:( 仇仰Ørw~i印叫叫;μ川i←一→Ø8凶Adω叫d;包i)dt = -j: 叫 t ( 9) 
一方主機内部相差角と角速との聞の関係式より






L ;t (ζ)十Ri= Ø8w~i-Ø，.(1)~i = P8-P明
これらの式を用いて (9)式を書直して
lr~γf dベ(~与引;引)片+18):d( 子引)+十 ~: (arw: 
+~:ωs 九) (10) 
又は，機械的，電気的制動係数を無視して
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Researches on Underwater Spark Discharge 
(About the observation of streamer's developing state) 
Yoshitaka Nakao and Shunichi Sado 
Abstract 
It is well known for a fairly long time that a strong shock wave occurs when impulse 
breakdown is made between electrodes in liquid， mainly in water. 
In the metal forming using this shock pressure caused by so田called“Underwaterelectric 
discharge"， various complicaled and interested phenomena are included over a wide field of 
engme巴rmg
As the fundamental researches with regard to those， this paper has been described about the 












図-1は測定系の schematicdiagramを示す。 図において， vacuum switch G~ (pressure: 
(1-3) X 10-5 (mmHg))が triggerされると condenserbank No. 1の放電により maingap G1 




れぞれ 5~50(μF) ， 5-15 (kV)，主放電回路のインダクタンスは 0.3(μH)である。凶-2は電極
をセットする放電槽(l.5x 2.0 X l.0 (m))を含む装置の一部で、中央左下は aircompressorを示
す。 explodingwire phenomenaに関する研究はかなり以前からおこなわれており 2)，その強
烈な光出力は高速度現象撮影用光源としてしばしば利用される。本実験においても気巾ギャッ
プ Gzを銅線 (0.18(mm札長さ 29(mm))で短絡し vacuumswitch G&を triggerすることに
より condenserbank No. 2 (静電容量 14 (μF)，充電電圧・ 10(kV))を放電させ導線爆発によ










































man & WbitJey社の高速度カメラ (Model200 simultaneous 
streak & framing camera) とナイフエッジを示す。 rotatmg
mlrror はガスタービン (pressure:20 (psi.))で駆動され，最高













70 operating control unitでは Gfへtriggerpulseを



















図-8は V=5(kV)， C=5 (μF)にて breakdownが生じない場合の電庄印加後のストリー
マ進展状態を示す。 (a)において，針端(十)のみからかすかに衝撃コロナが発生へ (c)，(e)と
時間の経過と共にストリーマの成長する様子がわかる。
(a) t = 102.5 (μs) 
(d) delayed pulse 
20 V/div， 0.1 ms/div 
(b) delayed pulse 
20 V/div， 0.1 ms/div (c) t=502.5 (μs) 





図 9は V=5(kV)に一定とし Cを変化させた場合で、 (a)，(b)， (c)の如く Cの増加と共に
次第にストリーマは樹枝状に仲びている。 (d)は V=10(kV)の場合で (c)に比較して一層樹校
状ストリーマが進展している様子がわかる。
(a) C=10(μF) (b) C=20 (μF) (c) Cニ50(μF) (d) C=50(μF)， V=10(kV) 




V=10(kV)，電源コンテンサ容量 C=lO(μF)，ギャップ長 dニ 5(mm)なる条件における brεak-
down前および後のギャップ間放電状態を観測した。
A. prebreakd.own 
図 10は水中ギャップに放電電圧 V=10(kV)を印加した場合の breakdown以前における
(a) t= 190 (μs) 
上 e:2 kVjdiv， 0.1 mSjdiv 
下:i: 9.95 kA/div， 0.1 msjdiv 
time lag τニ690(18) 
(bl t=170(μs) 
(e) t=70 (I's) 
(c) t= 162.5 (μs) 
(f) (e)における電庄・電流波形
ヒ e・2kVjdiv， 0.1 msjdiv 
下:i: 9.95 kAjdiv， 0.1 msjdiv 
，=370 (，us) 





を発している。 (e)は brεakdown前 70(μs)の状態で(十)針電極からのストリーマは相当成長
し同時に(-)針電極からもストリーマが伸びはじめている。
B. afterbreakdown 





(a) t=65 (μs) (b) t=75 (，I1S) (c) t=85 (μs) 
(e) (a)~(d) における電圧・電流波形
上:e: 2 kVjdiv， 0.1 msjdiv 
下:i: 9.95 kAjdiv， 0.1 ms!div 
Tニ 360(μs) 
(f) tニ 185(/'5) 
図 11 breakdown後 t(fls)における放電状態、
3 針対針電極
(d) t=92.5 (μs) 
(g) (f)における電流波形
9.95 kAjdiv， 0.1 msjdiv 
r=240 (μs) 
針電極は直任 0.84(mm)，長さ 51.5mm)の縫針を用い，充電電!王 V=12(kV)，電源コンデ
ンサ容量 C二 10(f1F)，ギャップ長 d=20(mm)なる条件で実験をおこなった。
A. prebreakdown 
図 12はストリーマの進展状態を一層i土っきり観測するため極端に不、ド等電界にした場f
である。 (a)は breakdown前 60(μs)における状態で(十)と(-)1，Jjj針端よりストリー マが進










(a) t= 60 ({1s) 
(e) t=15 (μs) 
(b) t=37.5 (/18) (d) t=:~O (μ5) 
4 k V/div， 0.1 ms/div 
(g) (d)-(f)における電圧波形
4 kV/div， 0.1 ms/div 
τニ 130(f1s) 
(f) t=5 (μs) 
図-12 breakdown前 t(1s)におげる放電状態
B. afterbreakdo、vn
図 13は breakdown後 125(f.1s)におけるガス体の状態を示しまだ卵形をしているが時間
の経過と共に次第に球状になるものと思われる。
図-14は凶←12とは条件は具なるが，電圧印加後 (a)20 (/IS)， (b) 122.5 (μS)におけるスト
リーマの進展状態を示す。これから明らかなごとく， (+)針電極からのみ樹校状ストリーマが
(a) ガス体 4k九ア/div，0.1 ms/div (a) t= 20 (μs) (b) t=22.5 (μs) 
τ=200 (f1S) 図 14 電圧印加後 t(μs)におけるストリーマ進展状









positive leader (streamer)の形成は electronemissionによって説明することはできず，その
進展状態から cathodeemissionがストリーマの成長する基本的 mechanismではないと考え
られる。





ionization zoneの電界を一層強くし， 水分子は連続的にイオン化され，結局 totalpotential 
gradientは positiveelectrodeから(+)イオン先端へ移動して positivestreamerは樹枝状を
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Growth Mechanism of Pin-Holes Formed in the 
Anodically Oxidized Films on Silicon 
Taiichi Inoue， Junji Nanjo， Shigeru NOffiura 
and Shinichi Hara 
Abstract 
Anodic oxdation on Si was performed in the aqueous solution. Some electric characteristics 
and growth mechanism of piIトholeswere studied and the following results were obtained. (1) The 
structures of films were mostly amorphous. (2) The conduction current was due to ions. (3) 
Films have not a masking effect. (4) The rate-determining step is diffusion or a drift velocity of 


























































































~20C である。電流密度は 3mA， 5mA の 2 通り

























































































6. 20C>  
口30で
マ40"C
斗ーー -l..一斗ー ーー ーー 」ー
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2. 膜厚と酸化時間の関係













酸化種の拡散が律速条件となる。 (c)は対数則， (d)は 1/3
乗則で何らかの付加的条件による (a)，(b)からのずれであ











第 9図は形成電圧と膜厚の関係を示している。 このグラフより 1V当りの形成膜厚(形成
率)を求めると， 5mA/cm2で生
8 






し， NMA系に於ける形成率は 4 
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役割を説明している。それによると GeがGeO・OHー の形で溶解していると提唱している。 Si

























































また， AI-AI203-AI系で A1203の膜厚が 70Aの時のトンネル電流が 2-3X 10-5 A/cm2で

































られる。 PはSiと置換して Oと結台L，ガラス構造をとり易く， NWFとなる。 これは 5{f<'ij
の荷電子を有するために :Si-Oの数を減じ，結晶化を抑えるものと考えられる。この様に厚
表← 1 各試料の般化条 {'j
なお，試料の (h)の1りの添加には， 0.3N電解液500cc中に H3P04(燐酸)を 5cc浪人して用いた。襟司?
とする酸化条件て、作製Lた試料は (i)と (j)である
|電解液規定度|電解液 1M.皮|電流密度訳業1_ n:Lrnflx.J-)'GAt:!x It.!. ITI" 0;(， IUJL /Y.. 
(N) (oC) (mA/cm2) 
a 0.3 20 1 
b 0.3 20 5 
c 
d 
0.3 20 3 
0.3 ヨ) 3 
e 
f 
0.3 40 3 
60 0.5 3 
民
h 
0.3 3 40 
0.3 20 3 









































I S/ I Si I Si I 51 I 5i I SI I SI I 51 I 
川淵|単語拍車結晶|単結晶|開|開|単純|単結晶|捌|挙結晶|単結晶























































































電角平賀 l 三')J ;__酸化月実ひ。心
叩争拡散、泳動ー結合子 ヱミ












るが，著者らは (2)のガス噴出による破壊が主要国と考える。R.M. Finne16)は水および OH
を含む溶液中で陽極酸化を行なうと水素ガスが発生すると報告している。 P.F. Schmidt14)は
陽極酸化でつくられる孔は，酸素の連続的発生の為であると推定しているが，これは2次的な
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The Catalytic Oxidation of Ethylene Oxide over 
Ag-K2SOcA1203 Catalyst 
Akimi Ayame， Hisao Kano and Takatsugu Kanazuka 
Abstract 
The catalyst used in the present inv巴stigationwas the same about its preparation as that used 
previously by the same authors for the oxidation of ethylene. 
1t was Ag-K2S04 catalyst with or without alumina support (日嗣AI203). 1t was observed that 
the catalyst suffers selective poisoning remarkably wァithethylene oxide during ethylene oxide 
oxidation. It was assumed that some adsorbed species is formed on the catalyst by the combina-
tion of ethylene oxide with oxyg巴nadatom， and this prevents the adsorption of oxygen， and 
therefore its reaction with ethylene. 
On the other hand， th巴 catalystwhich has lost the catalytic activity for ethylene oxidation by 
the treatment with the mixture containing ethylene oxide and oxygen was proved to catalyze 
ethylene oxide oxidation. 1t was suggested， therefore， that sites capable of adsorbing ethylene 
oxide are also present on the same catalyst 
The catalyst treated with ethylene oxide in an oxigenative atmosphere was used for kinetic 
experiments. Apparent activation energy 18.4 kcaljg-mole-C2H40 was obtained for ethylene oxide 
oxidation. 
1somerization of ethylene oxid巴 wasalso studied. Even in the presence of excess oxygen， 
acetaldehyde was formed with 5-9 per cent conversion over th巴 catalystwhich was pr巴treatedin 
the mixture of ethylene oxide and oxygen. 
Carbon dioxide was also {ormed. These results suggest that acetaldehyde is the intermediate 












































(ii) 分 析: 原料及び生成ガスの分析にはガスクロマトグラフを用い，カラムはポラパ




C2H4-原料水三γ 一一一 1 
混合βヌ庁、料水乙γ一一一 一一一 I 熱電対
































の場合 17.5%(C2H40: 0.25%， 2.12/!jhrで0.5hrの時)及ひ 15.3%(C2H40: 0.25%， 2.12/!jhr 
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Ag-KzSOr Alz03系触媒によるエチレンオキシト、の酸化反応について 59 
表 1 CZH4及び CZH40の酸化反応に対する活性の比較











Pre-treatment I Reactio;-: 










2.5 g I ~ ~ "' S 65.2% 7.4 tjhr 
1.9叫M州州山tjl伯仙/バ舟伽hr立 l i 2 h r | 2 川
0.9%も
D-.14 2叩 T :3♂刀7時 1 3ω0七 0.5郎 i
2700C 
2.5 g I _ _ _. S 51.3% 
1.9 tjhr 





























T 48.80/0 EO-1 
2700C 
S 64.5% 4.00g 
2.64Ojhr 
2.50/0 
T 37.8% EO-2 
2700C 
S 68.3% 4.00g 
2.64tjhr 











*) 図-3ー(A)の EO-3と問じ触媒2.5gをm，、て， 320oC， C2H40 0.39%， 2.12.ejhrで30分反応させた後，
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表 1中の EO-2と同・の新触媒 4.00gを斤n、て， エチレンオキシド 0.5~ 1.3vol:1も，酸素
20.7~20.8vol :1ん流速1.2~6.6 s/hr (N.T.P)，反応温度 270，290， 3100Cの3水準からなる条件
で速度データをとり活性化エネルギーを求めた。触媒はまずエチレンの酸化反応を行なわせて
Calalysi EO-2‘400ョ













h.二ア.'t-，._".一一_'"一一一一・一一一一一一・-・ :..-一一個- . 、
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速度 (v)を求めると 270，290， 3100Cでそれぞれ 0.68x 10-5， 1.11 X 10-5， 2.1 X 10-5 (g-mole-
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Cat. E0-1 (4.00 g) EO-2 (4州
一万函ぷ孟J|下示孟i戸而ncond二山山L…………出白制山i江凶ti
C2H弘400.56%も C2H400.57% も




C2H40 1.03% C2H40 0.61 ro 
O2 7.24% C 3.06% O2 13.0% 
2900C A 5.7ro 2900C 
1.21 s/hr 2.12e/hr 
C2H40 0.52ro C2H40 0.35% 
O2 0%1 C O~も O2 13.0% 
2900C A 7.1% 2900C 






O2 13.0% C 1.1 % 
3100C A 9.4% 
2.12 s/hr 
T: total conversion C: conversion to CO2 

















触媒 EO-1は2の実験を行なったあと，エチレンオキシド 0.8vol%，流速 7.4sjhr，反応














































(昭和45年4月 日本化学会第 23年会で講演) (昭和45年5月20日受理)
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The Hydrogenation of Ethylene on the Platinum 
Catalyst as Electrode (Part 1) 
- On the Reaction Rate and Potential of the Catalyst during 
the Hydrogenation of the Platinized Platinumー





The electrocatalytic hydrogenation of ethylene dissolved in aqueous solution of sulfuric acid 
has been studied at the platinized platinum electrode. The kin~tic parameters hav巴 be巴ndetermind 
with the gas (ethyleneJhydrogen mixture) circulation system， Jnd the electrode potential has been 
measured during the reaction. The results suggest that the hydrogenation rate is controlled by 
the diffusion process of the ethylene and hydrogen， and flL~;:!llermore there is the effect of the 














































水素処理後の測定結果からエチレン反応次数 dlog v/d log PE， (PE '土エチレン分)壬)， ェチレ
(68) 
白金触媒電極によるエチレン水素化反応 (第1報)



















































反応次数の解析には通常得られている一般的表式 v=kPHm PE" に於し、て，水素圧力 PHエ
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PCzH~:PH2 二 0. 676:0.324 
PC乏H4:fH2二 0.29守:0703
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反 l記〉崎向 (min) 
図 4 電位経時変化(水素処理)
f七2H4:PH乞二 0.784 : 0.2/6 
. . . ..ー一一町・. PCzH今 :PH2 ニ 0.595:0405 、一『・.
PCz的:ρ'H2 = 0./76 : 0.824 






果水素処理後は，rn = 1， n = 0ムまたエチレン処理後は m= 1， n = 1が最もよい。このこと
は図-6に示した。
50 ~邑 CZH4 処理 ，Zt = -APH2PC2H4 
一、ト E
会40~ ・ H2" ，?/ = APHz九出
会30~ x "ゥタ pU=dh2dH4
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一一一→ PH2時7n.








































。。(PH，) /.0 0..9 0..8 0汀 0.6 0.5 0.4 0.3 0.2 0.1 
atm 
図~7 反応速度(方法-3) t = 26.soC 
(72) 
白金触媒電極によるエチレン水素化反応 (第 1報) 73 
および中間組成の領域では不安定の度合が大きくなっていることがわかる。
反応次数も方法2と同様に解析した。その結果を図 9と10に示した。水素処理後は m=l，
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また水素処理後のエチレン圧依存性は低温になると 0.8次となり， これは 1次反応に近づ






































PHZ 0.35-0.87 0.5 1.0 26SC 
26SC PHZ 0.18-0.78 1.0 0.5 
(74) 



































































































































193幻61阿Far的 |同S釘伽加tatiね凶帥討仙耐…tJ旧1児cl 叫 IpE凸 叫 PH2ρ> 
1943 I Ri陀en呂cker引IFlow I Foi孔l 
1954 I Bond I Staticl Black 
1956 I Bond I Staticl A1203 
1956 I Bond I Staticl Si02 
1956 I Bond I Staticl A)z03-Si02 I -0.5 
1956 I Bond I Staticl Pumic I -0.5 
1958 I Schuit Si02 
1960 I Kazanshii I Cicull Wire 
1964 I Sinfeit I Flow 
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Calcium Isotope Determination by a Surface 
Emission Type Mass Spectrometer 
Masayo Murozumi and Mamoru Omokawa 
Abstract 
Dolomite found in nature is generally accepted to be primary deposits from aqueous circum-
stances or the resulting products of diagen巴sisof limestone. Attention is given to the isotopic 
compositions of calcium and magnesium in dolomite and limestone， because the determination of 
the isotopic abundances of both elements might prove helpful in giving clues to the elucidation 
of the mechanism by which these τocks ar巴 formedin nature. 
1n this investigation， the m巴thodof calcium isotope determination has been established by 
using a mass spectrometer equippecl with a ne司アlydevised ion source employing a single五lament
Emphasis is placed upon the improvement in both sensitivity ancl prec1slOn required to detect 
natural fractionation of thesc isotopic abundances. 
1t is generally accepted lhal tI1e isotope fractionation effect takes plac巴 cluringvaporizing of 
the element on a五lament. A similar e任ectis actually observed in the determination of calcium 
isotope ratios by this surIace emission type mass spectrometer. At lower temperatures of the 
五lament，the degree of isotope fractionation is as follows : 
44Caj40Ca・2.5%，43Ca/40Ca: l.4% ancl 42Caj!OCa: l.50/0， 
while this e妊ectbecomes negligibly small at moclerate temperatures. This isotope effect is not so 
serious to disturb geochemical conside:ration on genesis of these rocks. 
Finally， ithas become possible to determine 10 -5 g Ca wh巴rebythe precision is 1-3% in 








なく 7)-9)， しかも表面電離型シングルフィラメント， シンクゃルコレクタ一方式を用いているの
(77) 
78 三塁[主Att士・荒川 守
















じることで分析管内の真空度を常に 106~ 10 -7 mmHgに保つことができる。 この結果試料交
換から測定にかかるまでに要する時聞は 30分ですむ。













b) 検出方法~シングルコレクタ一方式，二次電子増倍管採用 (preamp. sensitivity x 
(78) 
茨而電隣型y'{1手r分析 ~I. に土るカノレツウム同位体 J七の測定
1~ X 1，0001，記録方式 (10m V full scale X 1~ X 1，000) 
i HUS 4型真空襲着装置(日立製作所K.K.製)










タンタルリボン (0.75X 0.03 mm)をアセトン，硝酸で洗獄後， spot welder でフィラメン
ト支持台に溶接した。これを真空蒸着装置に入れ，ベルジャー内が真空度 10-5mmHgになっ
てからフィラメントに 3A の電流を 5~6 時開通し pre占eatmg してフィラメント中の不純物
の焼き出しを行なった。
2-E 試料溶液
浦河地方の石灰岩 19を200メッシュに粉砕し，このうち 0.2g程度を正確にとり， テフ
ロンビーカーに入れる。蒸市水 20msを加えて試料を懸渇させる。硝酸 (1:1)を徐々に加え
炭酸ガスの発生がなくなってから，さらに小過剰の硝酸と過塩素酸を加えアルミ箔でカパーさ
れた電熱器上で、 4~6 時間加温した後， 遠心分離法により酸不溶物と溶液とを分離した。 この
溶液を試料溶液とした。
2-F 実験室




試料溶液を石英毛細管にとり 1i尚 (Caとして 10μgとなるようにする)をフィラメントに
のせる。フィラメントに1.0~ 1.4Aの電流を通し試料溶液をフィラメン卜上に乾燥固着させ
る。これをイオン化室に入れ，イオン化室内の :t;[~気をロータリーポンプ 3 台，油拡散ポンプ 2
台でひき，真空度を 107mmHgにする。フィラメント電流を徐々に増す。フィラメント電流































Ca同位体比 | 1 Il 








































表面電離を行なう場合， フィラメント表面に Ta-Cl，Ta-Oの市i原子層が生じ， Ta-Oの仕事
|現数が Ta-Clのそれよりも事実上大となるためで、あろう。 w-フィラメントの場合， w自身の
仕事関数が 4.5eVであるのに対し W-Cl，W-Oの単原子層が形成されると仕事関数が事実上，




フィラメントは， 1)仕事関数が大きく， 2)蒸気圧が低く， 3)融点が高くて， 4)加熱しで
も不純物を放出しない金属が適当である。一般に W，Taラ R巴等が用いられ仕事関数はそれぞ





フィラメント電流 2.20A， 2.28 A， 2.31 Aで安定なピークをそれぞれ5本とり平均値を図 1，
凶 2に示した。測定時聞は Caのイオンピークが出現してから 15時間， 23時間， 26時間たっ
ている。 40Caに対して 42Ca，43Ca， 44Caの同位体比はしだいに大きくなり，フィラメント電流
2.3A，時間にしてお時間たつとほぼ一定となった。
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度の測定につき 8~10 個の同位体比をとり測定値を表-3~5 表に示した。



























































No. I山 x103I叩 x103












































































































7 6.55 l.90 
8 6.65 l.88 
百十;7f:;iγ1---;;川-E-







イオン電流強度: 記録計 x 1，000 (50 division) -5 V 
二次電子増倍管感度 X100 
検出限界を 記録計 X3 (10 division) -3 m V 
二次電子増倍管感度 X1，000 
とすると検出しうる最少試料量は
10 X 100/1，000 X 3/1，000 X 10/50"，=，6 X 10-4μg=6x10 10g 
つまり 6x10-10 gの Caの存在を検出できることになる。
質量分析計の精度を落さず感度を上げるためには試料の化合物の形，フィラメントの種類、
などを考慮してイオン化効率を上げることが必要である。試料が塩化物と硝酸塩の;場合では硝

















(1970年1月 日本化学会北海道支部講演会発表) (昭和 45年5月20日受理)
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Titanium Isotope M田 surementsby an M. 1. T. Type 
Surface Emission Mass Spectrometer 
Masayo Murozumi and Tomotsugu Shinmyo 
Abstract 
The present investigation has made possible to determine the ultra trace amount oI titanium 
by the isotope dilution method using an M. 1. T. type surface emission mass spectrometer equip-
ped with a single五lamention source. 
After being baked on the 五lament，titanium dioxide dissolved in nitric acid or sulfuric acid 
emits stable TiO + beam at the五lamentelectric current of 2.4 amp巴re. The det巴ctionlimit and 
precision are 10-10 g and 1% in relative error respectively， which prove that this method can be 










表-1にチタンの同位体存在率を， 表-2に酸素同位体存在率(160;99.76%， 170; 0.037%， 










同位体 i内、 J !<-;.且|天然存在率
!恰m叫(%)
;::l:6L518l7:: 




















46TiOj48TiO I 1.07xlO-1 
471、i0j48TiOI 9.85 x 10 2 
49TiOj48TiO I 7.51 x 10-2 





























































(A) 二酸化チタン 0.5mgを50ms-テアロンビーカーに秤取する。これに希硝酸 (10%)を
約 1ms加えて，電熱器上約 1000CVこて蒸発乾固させる。これに濃硝酸 1滴を加え蒸発乾固さ
せる。更に数回蒸発乾固をくり返し，最後に希硝酸を加え全量を約 0.5msとする。 これは約
10μg Ti/0.02 ms (1滴)の溶液となる。
(B) 二酸化チタン 0.5mgを 50mιテフロンビーカーに秤取L，(A)の場合と同様に硝酸
を加えて蒸発乾固させる。最後に希硝酸を 1滴加えた後，濃硫酸を 1滴加える。これに希硝酸
を加えて全量を 0.5msとする。これは (A)と同じ約 10μgTi/0.02msの溶液となる。
(c) 二酸化チタン 5mgを 50ms-テフロンビーカーに秤取し濃硫酸を加えて蒸発乾固を




( i ) 測定時において，イオンソース部および分析管部は 10-7mmHgの真空に保たれる。
(i) イオン加速電庄は 3，600Vとする。





















メントにのせる。 (C)の試料も同じく約 0.02msをフィラメントにのせる。 フィラメント電流






2 時間で 0.6~0.7A までフィラメント電流を上げる。 それからは， m/e=39の付近を磁場走
査(コイル電流を変化させる)させながら徐々に(約2mA/min)上げていき 39Kのピークをつ
かまえる。 0.7A前後で 39Kのピークは出現する。 これを指標にしてリベラーおよびレンズの
電圧を変化させて感度調整を行なう。 さらに 39Kのピークの伸びをみながらフィラメント電
流を徐々に上げていく。 1A を越えてからは再び 5~10 mA/minの速度で上げていく。なお加
速電圧を切って，イオンをゆっくり蒸発させてフィラメント上の試料の安定性を良くする操作
を焼き出しと称し， (A)， (B)の試料については 1A前後および1.5A前後にて， (C)の試料に




の5本のピークをそれぞれ 10回記録する。表-4の (A)の試料については 2.4Aにおいて， (B) 
では 2.65A においてフ (C)では 2.41，2.43， 2.53 A においてそれぞれチタンの同位体比の測定
を行なった。
v. 結果および考察
ピークは 46TiO+，47TiO， 48TiO ， 49TiO
c
， 50TiO'の1原およびこの逆に記録したもの一対
の平均をとって 1個の測定値とした。表4-Aは III-3で、述べた (A)の試料についての，表4-B
は (B)の試料についての，表 4-C-1，2， 3は (C)の試料についての，順に低温からの，それぞ
れの測定値である。
一般に不安定なピーク，すなわち上昇中とか下降中においては測定値の変動は大きい。本
側定値においてもこの傾向はみられ， 10組のピークを測定し終るまで (A)は約半減し， (B)は
約 10倍に仲び， (c)の 1~3 割以内の増減の場合と比べて変動は大きくなっている。 (C) の場
合について，測定値の相対誤差は，長いピーク ¥46TiOおよび 47TiO)，すなわち基準とした 48TiO




同位体比 46TiO/48TiO x 10 47TiOj48TiO x 10 49TiOj48TiO X 102 50TiOj48TiO X 102 
I 1.10 0.994 7.45 7.38 
I 1.10 1.∞ 7.42 7.37 
III 1.11 1.01 7.45 7.40 
IV 1.07 0.983 7.37 7.36 
V 1.09 0.998 7.41 7.39 
1.09 0.996 7.42 7.38 
表-4-B 試料Bについての TiO同位体比測定値
同位体比 46TiOj48TiO x 10 47TiOj48TiO x 10 49TiOj48TiO x 102 5OTiOj48TiO x 102 
I 1.10 1.01 7.26 7.26 
I 1.07 0.989 7.48 7.87 
III 1.11 1.00 7.35 7.08 
IV 1.08 0.986 7.57 7.43 
V 1.04 0.999 7.61 7.55 
??
1.08 0.997 7.45 7.44 
表-4-C-1 試料Cについての最初の TiO同位体比測定値
同位体比 46TiOj48TiO x 10 47TiOj48TiO x 10 49TiOj48TiO X 102 50TiOj48TiO X 102 
I 1.10 1.00 7.35 7.35 
I 1.09 1.00 7.36 7.22 
III 1.10 1.∞ 7.41 7.24 
IV 1.09 0.996 7.35 7.22 
V 1.09 1.00 7.43 7.14 
1.09 0.999 7.38 7.23 
署長-4ー C-2 試料Cについての 2番目の TiO同位体比測定値
同位 体比 46TiOj48TiO x 10 47TiOj48TiO x 10 49TiOj48TiO X 102 50TiOjl8TiO X 102 
1.10 1.01 7.49 7.27 
1I 1.08 0.986 7.38 7.29 
III 1.12 1.01 7.32 7.34 
IV 1.11 0.989 7.34 7.32 
V 1.09 0.990 7.53 7.26 
1.10 0.997 7.41 7.30 
(92) 
室蘭工大型表面電離質量分析討 によるチタ γの同位体比測定 93 
表 4-C-3 試料 Cについての 3番目の TiO同位体比測定値
同位体比 46TiOj48TiO x 10 47TiOj48TiO x 10 49TiOj48TiO X 102 50TiOj48TiO X 102 
I 1.10 l.o 7.42 7.33 
I 1.11 l.00 7.36 7.27 
III 1.09 0.987 7.41 7.31 
IV 1.09 0.990 7.41 7.41 
V 1.10 0.996 7.49 7.45 
1.10 0.995 7.42 7.35 
精度を持っている。 短いピークについてはやや精度は悪く ，2-3%であった。また，使用した






みても硝酸処理は不適当である。 (B)は (C)を行な う予備実験であって，硫酸が存在しても問題
がない事がわかった。二酸化チタンは濃硫酸には約 1000Cで，比較的容易に溶解する。この溶
液からは低温では硫酸チタンを生成するのであるが，この硫酸チタンは高温 (7000C)にて分解
し，二酸化チ タンとなる。この二酸化チタ ンへの分解をフィラメント上で行なわせ， 更に TiO+







よる，チタンの同位体比測定における基本的条件を検討し，感度 10-10g，精度 1% と同位体希
釈法によるチタンの極微定量に十分応用できる結果を得た。
質量分析計操作上終始，助言助力をいただいた中村精次氏に感謝申し上げる。
(昭和44年 10月 日本地球化学会討論会発表) (昭和45年5月20日受理)
文 献






Isotope Dilution Analysis of Potassium by an M.I.T. 
Type Surface Emission Mass Spectrometer 
Seiji Nakamura 
Abstract 
A minute amount of potassium in distilled water， deionized water obtained through a resin 
and also in polar snow can be successfully determined by isotope dilution method using a mass 
spectrometer equipped with a newly devised single五lamenttype ion source. 
This mass spectrometer is excellent enough to determine 10-6 g of potassium in 1 g of water， 



























中央のフィラメントに通じる電流を 103 Ampきざみで上昇せしめ 2-3時間を要して 0.6
Amp程度に達せしめると試料の蒸発がすすみ同時に熱電子によりはじめて K+のイオンを得
ることができる。これを 3，600Voltの電圧により加速しスリットとレンズ効果を与えてイオン










α 8.Jスパイク中の 41K/39K)_(スパイク中の 39K存在率)(混合物中の 41K/39K)Z 川 一一一
f' (混合物中の 41K/39K)(試料中のぬK存在率)-(試料中の 41K存在率)



















































スは Fig.5に示すようにフィルターで漉過したのち純水にて 2回洗浄し 0.2kg(m2の圧力でス
テンレス容器中に吸きこんだが濃縮中に外気の流入による汚染を防止した。
41Kスノミイク標準溶液は次のようにして調製した。
41K同位元素を 24.97mg秤取し純水に溶解して 101.76m.eとする。 これは 100m.e中に換
















































































1対とし Fig.8のように 41Kの中聞に垂線をひき， ピークの高さを求めた。 なお 1個の試料
につき 10点の同位体比を求めこれを平均した。
11-6-4分析値
Common K及び 41Kスパイクについて各々 Table1， 2のような分析結果を得ることがで
きた。
























41Kスノミイク (0.5143pg， Sesitivity X 10) 
39K l1K 叩 K
~ I山 :[:::l:





12.70 X 1 ，000 
I 0竺-
12.75 X 1，000 
12.70X1，000 
12.60X1，000 
12.41 X 1，000 
10 山 6X1，000
平均 l
I 39K I 
????
































15.85 x 300 
15.75 x 300 













二三尚早 1_:4~KÎ3~Æ 1 ~.王子
41K 6.620/0 I 41K 99.180/0 
41K!39K 0.0711 I 41Kj39K 121 
精度 0.5% I *f 度 1.00/0 
検出感度 5xlO .13 g I i険1)1感度 5xlO 14 g 



















































加速電圧 (H.V) 3，600 Volt 
マルチプライヤー電圧 2，500 Volt 





Table 5. イオン交換水中の Kの分析値
(Sensitivity X 1，000) 
39K 41K I 41Kj39K 
3.58 X 300 16.68 X 1，000 15.53 
3.58 X 300 16.68 X 1，000 15.53 
3.60 X 300 17.00 X 1，000 15.74 
3.60 X 300 17.00 X 1，000 15.74 
3.61x300 17.02X1，000 15.62 
3.62 X 300 17.02 X 1，000 15.67 





8 3.62x300 I 17.Olx1，000 I 15.66 
9 I 3.63x300 I 17.OlX1，000 15.62 
10 I 363x300 I 17.Olx1，000 i 15.62 
リウムイオン濃度は 1kg中に 0.21μg含有さ 一一~.~I- ート一一
半均 I 15ん







カリウムの分析においてアイソバーの問題があり，コンモン K 中の 40Kとコンモン Ca中
の 40Caは同じ質量数ではあるが K のビームは 0.6Amp前後に出現するのに対し Caは1.8
Ampの高いフィラメント電流で出現する。 このため Caのビームが出現する前の低フィラメ








1) 室住正世， C. C. Patterson， ]. T. Chow: Geochimica et Cosmochimica Acta， 33， p. 1247-1294 
(1969) ケ





1nfluence of Man's Activity on the Quality of Water (1) 
The water quality of the sea water in the inside and 
the outside of the port of Muroran 
Nobuo Shimoda and Kδzo Ishimaru 
Abstract 
The object of this study is to make data that can predict the order of the water pollution 
of sea water or river water by the industrial effiuents fl.ows when the works is constructed at 
the river side or around the bay. 
In this report， ithas been tried to describe the water pollution of sea water by the develop-
ment of industry around the city of Muroran. 
Analyses of sea water from the inside and the outside of the port of Muroran were made 
by collecting samples at 36 points and analyzing for pH， evaporation residua， Cl ， SO~-， Si02， 
COD， Ca2+ and Mg2c 
It is presumed that COD of sea water in this area has increased with the increase of water 
pollution of the port of Muroran. The large valu巴 ofCOD was found in the sea water at 
speci五edpoints in this area. 
It may safely be said that COD is the index for revealing the water pollution of the sea 


























昭和 43 年 10 月，昭和 44 年 6~7 月に採水した試水の水質を採水点，採水の日時，水温，
水深とともに第 1および第2表に示す。
考察






























































































































































































































































?， ? 36.432 
52.584 
35.483 1 34.296 1 0.:-384 1 1.26 1 18.09 I 2.55 I 1.45 I 19.59 
36.248 1 35.160 1 0.391 I 1.30 1 18.65 I 2.正1I 1.05 I 4.36 
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12・18・12:0 1 0 
5 1 3.0
1 1 12.0
















































































18・18・14:0 1 0 
6 1 2.0








人類活動による水質の変化に関する研究 その 1 107 
l水深|水混 1. TT 1溶存 1*全蒸発 1:溶解性 1Ca2十 1M立川 Cl- Ism-I 比免JK，~.!2~4採水点・日・時間|作目、|ハ皿 1pH 1酸素 1残 澄|蒸発歳出 1.LV.l.5 1 '-.-'.l I l... nJ4 トケイ劇消費量
(時:分)1(m) 1 CC) 1 1 (ccjs) 1 (gjs) 1 (g(s) 1 (gjs) 1 (gjs) 1 (%0) 1 (gjs) 1 (ppm) 1 (ppm) 
13.0 8.12 6.90 34.686 33.901 0.379 1.24 17.82 2.53 1.05 5.94 
12.0 8.28 6.93 34.392 34.033 0.391 1.24 18.00 2.48 1.13 7.02 
12 12.0 7.92 6目31 35.995 34.968 0.407 1.29 18.86 2.65 2.34 5.31 
24.18.15: 55 。13.2 7.84 5.55 32.938 31.709 0.368 1.18 17.06 2.42 2.10 7.02 




31.371 0.363 1.15 2.67 6.00 
33.588 0.384 1.22 I 17.83 2.55 1.05 7.77 
34.426 0.384 1.27 I 18.15 2.62 1.37 5.94 
0.313 2.00 5.49 7.00 
0.372 1.17 i 16.65 2.38 3.31 7.02 
0.384 1.27 17目 4 2.56 1.78 7.90 
36.029 35.514 0.391 1.28 18.27 2.62 0.57 5.50 
35.958 34.917 0.399 1.30 18.53 2.66 1.62 5.50 
38.959 34.705 0.419 1.28 18.40 2.77 10.42 7.20 
34.787 34.038 0.376 1.24 I 17.95 2.63 1.13 7.77 
6.18 35.790 34.229 0.391 1.29 18.33 2.66 1.29 6.89 
5.59 36.926 34.666 0.396 1.30 18.75 2.64 1.21 5.50 
5.48 36.446 35.603 0.399 1.30 18.46 2.73 2.02 5.31 
28.18.16: 42 
29.19・9:10 
30・19・9:15 I 0 





















35.003 :;l::121: 6.76 10.30 
(107) 
108 F田信男・石丸幸造
l l i|吋M向C I SO ケイ酸消費量
(ル) I (g/s) I (ppm) I (ppm) 
18.55 ベ1川6.57
18.68 2.70 I 2.18 I 7.52 
36・19・10:25 I 0 i 11.0 I 8.03 I 6.76 I 34.936 I 34.376 0.384 1.27 18.20 2.60 1.13 6.45 
35.963 0.391 1.28 18.35 2.67 1.13 6.26 
35.263 0.407 1.29 18.58 2.67 1.29 5.50 
36.539 0.398 1.30 18.55 2.63 1.86 5.90 
37・叫社35I 0 I 13.0 I 8.08 6.62 35.583 34.070 
8.02 6.02 35.673 34.000 
6.49 35.501 33.430 0.395 1.28 18.01 2.54 1.13 6.26 
12.5 I 8.00 6.38 35.452 34.268 0.396 1.26 18.25 2.70 1.13 9.23 





!川o i川日則即β川l川8ω制O伺叩81巾2お町5日7配 お引m叩 7沼湖釦8槌8I 0.2ω山 9悌8 :口;:以;U:U;剖;副:U( ;山:引;U|1 4: 6 
5・23・14:03 




8.29 34.579 34.423 0.379 1.26 
8.18 34.648 35.209 0.395 1.27 
7.34 36.857 36目170 0.441 1.25 
8.22 34.196 33.983 0.434 
8.10 35.161 34.549 0.387 1.27 
1.24 I 
11.0 I 8.02 I 35.333 35.025 I 0.387 1.28 
9.5 i 7.50 I 35.365 1.30 
(108) 
6・23・13:55 




























































































1 -，<-相 11<-担 1*全蒸発 1*溶解性|
採水点・日・時間|小町|小皿 1 pH 1残 澄|蒸発残澄|






































































17.59 I 2.55 
17.62 I 2.59 





















9'.23・14:25 1 0 1 13.0 1 8.04 1 34.210 1 34.282 1 0.387 1 1.24 1 17.43 1 2.62 1 0.82 1 14.62 
5 I 10.0 I 8.00 I 35.039 I 34.878 I 0.395 I 1.27 I 17.79 I 2.65 I 0.64 I 10.68 


















































































??? ? ? ?
:;Jfl-山
14・23・15・401 0 1 11.0 1 8.03 1 34.507 1 34.698 1 0.393 1 1.21 1 17.35 1 2.54 1 1.00 1 10.03 
4 1 10.5 1 8.00 1 35.652 1 34.771 1 0.387 1 1.26 1 17.58 1 2.63 1 0.91 1 10.62 






*全蒸発 k溶解性 比色 KMn04 
採水点・日・時間I水深 水温 !pEI 残 i澄蒸発残澄 Ca i Mg 1 Cl I SO~ ヶイ酸 消費量(時分)~) 1 ec) i ~ (gjsi 馴 (gfd)!wd)l 側同 (ppm)I (ppm) 
品 24・11:12o i 17.5 i 7.74 I 28.353 I 27.690 1 0.325 1 l.02 i 14.53 I 2.19 I 4.55 I 17.83 
6 I 12.0 I 7.98 I 34.852 I 34.694 I 0.379 I l.26 I 17.77 I 2.62 I 0.64 I 8.39 
11 I 9.07.6436.71635.1580.422 I l.29 I 18.28 I 2.58 I 23.09 I 27.59 
34.581 I 34.026 I 0.395 I l.22 I 17.27 I 2.54 I 0.73! 9.37 
35.384 I 35.284 I 0.396 I l.25 I 17.65 I 2.59 I 5.82 I 1l.67 
m・24・11:35I 0 I 18.5 I 7.20 I 1000究(j(j(j(j I 川 ~Ll I O:~日 1 5.10 1 0.'7 I 16.00 I . 12.98 
2l.82 I 36.11 
_I~~. 
20'・24・11: 46 I 0 I 15.0 I 7自21:=1.1:i2 i :ilO:iO I O~Ll(j I 1 1~ I 1r，ウ日 I ? '1弓 I 2.36 I 16.21 
l.00 I 1l.44 
17.15 I 2.48 I l.64 I 8.85 
17.68 I 2.62 I 0.73 I 8.52 
i|
22・M・11: 58 I 0 I 13.0 I 8.18 I 33.852 34.0ぉ I 0.387 I l.25 I 17.55 I 2.61 I 0.55 I 8.32 
8.12 I 35.276 I 34.510 I 0.400 I l.26 I 17.83 I 2.71 I 0.73 I 9.18 
7.96 I 36.01835.721 I 0.395 I l.2918.10 I 2.66 I 636 I 9.83 
23・24・12:07 I 0 12.5 1 R.02 1 :i"Sc)7 I :iSO(1?弓ワ|っ川 0.91 I 13.63 
0.55 I 8.65 
4.36 I 8.32 
|| 
24・24・13:23 Io I 14.0 I自14I :=l4活71:-l4日47I 0.384 I l.22 I 17.02 I 2.54 I 0.36'1 13.11 
0.403 I l.27 I 17.6'1 j 2‘62 I 7.27 I 11.14 
13.5 I 8.10 I 34.874 I 34.206 I 0.383 I 1.24 山 8I 2.60 I 1.18 I 10.81 
10.0 I 7.98 I 35.903 I 35脳 I 0.403 I 1幻 18.00I 2.68 I 2.36 I 19.14 
25・24.13:30 I 0 I 13.5 I 8.20 お 235I 24.655 I 0.373 I 1.24 I 
3 I 11.5 I 8.14 I 35.878 I 35制 038411Mlm81260(:fUT 
7 I 9.5 I 7.90 I 34.283 I 33飢 0.403!1.27lmoi 2.67 
0.308 I 0.95 
27・24・15:20 
















































































7.80 I 36.892 I 36.507 I 0.419 I 128 
35.247 1.23 17.35 
35.472 35.146 0.397 1.25 17.82 
36.417 35.598 0.431 1.23 18.02 
36.202 36.288 0甜 3I 1.29 18目25
34.3ベ。ベ 124im





35.455 0.411 8.01 










山 ?rmlr巾r;-r宗主i;酔I(コ)I(~~ 1 
35'.23・15:20 12 13.0 8.19 35.859 
沼田410岨 11ml
17.82 2.85 0.27 8.27 
18 12.0 8.14 36.528 35.626 I 0.403 i 1.30 17.90 2.83 0.55 8.77 
36・23・15・43 。 18.0 8.02 34.508 34.460 0.395 1.26 17.53 2.69 0.36 12.59 
5 1.70 8.03 35.048 34.815 0.404 1.27 17.74 2.81 0.55 12.08 
37・23.15:56 。 21.0 7.91 33.248 32.635 0.370 1.17 16.36 2.56 1.00 8.32 
3 15.0 7.98 36.348 36.215 0.411 1.28 17.80 2.78 0.82 6.68 
6.5 13.0 7.94 35.783 35.383 0.404 1.30 17.95 2.74 0.55 7.54 
38・23・16:10 。 18.0 7.84 35.129 35.123 0.390 1.26 17.57 2.66 0.18 7.23 
3 18.0 7.82 36.772 36.536 。.412 1.28 18.08 2.76 0.27 6.75 
6.5 13.0 7.92 36.423 I 36.179 0.400 1.30 18.06 2.65 0.45 7.53 














山門気温(天気 考 l採水点・時刻 気温!天気l-備 考CC) (cm) (OC) 1 1 (cm) 
1・13:32 19.0 小雨 140 岸から 3m 22.11: 58 19β|晴 210 岸から 150m 
2・13:38 26.0 墨 171 " 1.5 23・12:07 20.0 1 " 1 245 " 100 
3・13・40 20.0 小雨 140 24・13:23 26.0 I " ! 170 " 3 
4・13:45 28.0 情 178 長ちから 50 m 1 24'.13: 25 25.0 i " 1 178 " 50 
5・14:02 28.0 " ! 152 " 100 li 25・13:30 25.0 " 170 " 10 
6・13・55 28.0 " 197 " 10 26・13:38 23.0 " 200 " 3 
7・14:10 190 " 170 27・15:20 20.0 " 50 " 5 
8・14:19 29.0 I " 196 " 10 27'.15: 12 19.0 " 195 
9・14:35 29.0 " 188 " 100 28・15:30 26.0 " 28 
9' .14: 25 23.0 " 150 28' .15: 23 23.0 " 136 
10・14:55 26.5 " I 178 " 5 29.13: 48 …"お7昭和43年調査 171cm 11・15:03 23.5 " 140 " 6 29' .14: 00 19.0 1" 178 
12・15:12 25.0 " 137 " 6 30・14:15 18.0 " 188 昭和43年調査 314cm 
13・15:30 29.5 " 145 " 6 31・14:10 28.5 曇 400 
14・15:40 28.5 " 56 " 6 32・14:20 1 25.0 1" 400 
15・15:46 28.0 " 46 " 6 33.14:30 I 24.0 i " 1 240 I 
16・15:55 23.0 " 150 " 1 
17・11:05 22.0 " 112 " 5 1 ~~.1~: 00 =:.~ " 300 
18・11:12 23.0 " 126 I " 100 
19・11:20 " d 戸 36・15: 43 1 23.0 I " i 500 
20・11:35 19.5 I " I 108 " 10 37・15・56i 2βo I " i 240 
20'.11・46 " U 戸 1 38.16: 10 i 25.0 I " 
21.11: 52 17.0 1 " 1 27 " 5 
(112) 
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第3図 室開港内外海域の海水の過マンガン酸カりウム消費量(1昭和 43年 10月)
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第4図 室蘭港内外海域の海水の~ií\マンガン酸カリウム消費量(明荊144 年 6-7 月)
(114) 
人類所動による水質の変化に関する研究 その 1 115 
盛夏の候には極低区域はさらに広範囲にひろがり， また湾全体がほとんど 2m以下にな
り，湾口まで低くなる。
























1) 半谷高久: 人類活動による水質変化に隠する研究(代表者，半谷高久)中間報告， 1969. 











Influence of Man's Activity on the Quality of Water (I) 
The water quality of the sea water in the inside and the outside 
of the port of Muroran -trace element【 Cu，Pb 
and Zn -content of the sea water 
Nobuo Shimoda and Kδzo Ishimaru 
Abstract 
Using the atomic absorption method， the sea water of the inside and the outside of the port 
of Muroran has been analyzed for the following elements， Cu， Pb and Zn. The Cu and Pb content 
in this sea water does not exceed “Cu and Pb content in sea water-0.003 mgjs" except speci五ed
point. The Zn content， as a whole， exceeds remarkably“Zn content in sea water-0.01 mgjs" 
The sea water at a certain point contains far more both of Zn and Pb than other points， and the 
sea water at another point far more Cu than other ones. 
From th巴sefacts， itis considered that the water in this area has come to contain these 
element on account of the speci五edindustrial activity. I t may safely be said that the contents of 
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Fig. 3. Calibration curve for Cu. 
第1表
採料E
















0.0018 I 0.0018 
0.0052 I 0.0018 
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(120) 
人類活動による水質の変化に関する研究 その 2 121 
採7]¥点 深度 Cu Pb Zn 採水川占、 深度 Cu 
[:円:引:古川 :1:ぉ|お35 
12 0.0035 0.0020 1 0.022 1 0 1 0.0009 I 0.0026 
17 1 0.0028 1 0.0024 1 0.047 1 ?)7 1 3 1 0.0054 1 0.0026 
6 1 0.0046 1 0.0032 1 0.032 1 0 1 0.0006 1 0.0032 



























































































































とがわかる。しかし， 3元素のこの海域の海水の含量も水道原水の水質標準 (Cu0.05 mg!s， Pb 







1 i ド田信男・石丸主主造: 室工大研報，投稿中.
2) 三宅泰雄・北野 康・ 水質化学分析法，第5版， p. 183 (1964)，地人書館.
3) 三宅泰雄: 地球化学， p. 181 (1954) 







Influence of Man's Activity on the Quality of Water (III) 
Influence of the industrial activity of the city of Muroran 
on the quality of the sea water of the inside and the 
outside of the port of Muroran 
Nobuo Shimoda， Kδzo Ishimaru and Hirotoshi Tanal王a
Abstract 
The combination of the natural scientific and social scientific factors which describe the 
variation of the quality of water from point to point and of the annual variation of the quality 
of water of the inside and the outside of the port of Muroran has been tried. 
The COD of sea water in this area has increased with the lapse of time. The increase of 
COD of sea water was paralled with the variation of these three factors， the amount of consump-
tion of electric energy， production of blister ste巴1and forwarding of manl1factured goods. Also， 
the large content of the CI1， Pb and Zn was found at a spcified point in the port of乱1uroran
Perhaps， itmay safely be said that th巴 contentsof Cu， Pb and Zn and the COD of the sea 
water in the inside and the outside of the port of Muroran are usefl11 factors to describe the 


































淡 水 海 7J'( 
富土製鉄室蘭製鉄所 3.54x106 m3/日 1.05x106 m3/日
日本製鋼所室蘭製作所 3.86X104 9.175X 103 
富士セメント 3.709x103 7.0718xl04 
日本石油精製室蘭製油所 1.87x 103 6.0 
富士工業 1182 
鉄初、コ←クス工場 885 
鉄 段、 600 
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1) 半谷高久: 人類活動による水質変化に関する研究(代表者，半谷高久)中間報告， 1969. 
(137) 
138 下回信男 ・石丸幸造 ・問中裕敏
2) 下回信男・石丸孝造 : 室工大研報投稿中
3) 下回信男・石丸主主造 : 室工大研報投稿中.
4)室蘭市公害課よりの文書による.
5) 室蘭市: 室蘭港水質綜合調査報告書，1958， Oct.-1962， Mar. 1962. 
6) 社団法人日本海簸防止協会. 海水汚濁防止の調査研究報告書 (東京湾)昭和43年度調査.
7) 運輸省第二港湾建設局，横浜調査設計事務所 : 東京湾汚染調査報告書，昭和43年3月.
8) 野口・西井戸: 日化， 85， 365 (1964). 
9) 室蘭市. 室蘭市の統計，第一号，1967 








The Geochemical Study on the Minor Constituents in Bones (VI) 
On the relation between manganese content and the age 
of the bones from Irie cite， Abuta-gun， Hokkaido 
Nobuo Shimoda， Hirotoshi Tanaka and Kδzo Ishimaru 
Abstract 
The present writer (N. Shimoda) has found a new indicator of a bone in its manganese， which 
increases remarkably with the lapse of geological and archaeological time and manganese content 
of bones from several districts of Japan and from Tsochen Formosa (Taiwan) gives smooth curve. 
Moreover， the reliability of this method has been tested. 
In Irie cite， bones were dug up from the strata of a several different ages. In this report， 
the IV stratum was treated as the one consisting of upper and lower strata of respectively 
different ages. 
The age of these bones presumed by this method is as follows. 
The bones from IV-upper stratum 1，500-2，000 year 
The bones from IV-lower stratum and V 2，000-3，000 year 
The bones from VI vn， and Vln stratum -3，500 year 
The bones from IX-XI stratum below 5，000 year 
The age of the bones found in the oldest stratum in Irie cite， XI is less than 5，000 years. 
This is not so remote as that presumed archaeologically. However， this age is rather questionable 
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凸5 4 3 2 / 
入江遺跡の各区より出土する骨の中のマンガン含有量第2図
各区から採集した骨のマンガン含有量を層位を考慮せず第2凶に示す。 B-l区から B-8区まで
は IV~V (VI層の混入も考えられる)， B-9 区と B-I0 区では IV~XI 層の骨があつめられ，そ
B-9区と B-I0区から採取された骨は区別せず、マンガンのマンガン含有量が記入されている。




B-9区および B-I0区組織をもっているもの)をのぞきほぼ同様の範囲 0.006~0.06% にある。
から採取された骨のマンガン含有量は， 0.001~0.172% の範聞にある。
A-， B-9区および A-，B-I0区から採集した骨の約 1801闘のマンガン含有量を骨の3-2 ; 
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IV層下部IV層 上部から出土する骨は 1500~2000 年，含量に相当する年代を推定した。
















1) ド田. 化学と工業， 20， 149 (1967). 
2) 下回・遠藤・井上・尾崎・ 国立科学博物館(上野)研究報告， 7， 225 (1964) 
3) 下回・田中: 室蘭工業大学研究報告， 4， 283 (1964)ー
4i 下回 i北海道考古学j，第3輯， p. 1 (1967). 
5) 下回 i第四紀研究j，6， 175 (1967) 
6) 田辺 i第四紀研究j，6， 164 (1967). 







The Geochemical Study on the Minor Constituents in Bones (VII) 
On the relation between manganese content and the 
age of the bones from foreign countries 
Nobuo Shimoda 
Abstract 
A ncw ag己-indicatorfor bones in its manganese content， which increases remarkably in lhe 
course of geological and archaeological time have been proposed by N. Shimod日.
In this study， the manganese content of bones which are supplied from the British Museurn 
and the University of Carnbridge have been determined by radioactivation method. 
The newly obtained manganese content-age curve-2 was run under but in parallel with the 
curve-I which was proposed by the author in the previous reports 
































レン瓶に封入された。粉末試料と標準は日本原子力研究所の ]RR-2原子炉で 8X 1013 neutron/ 
sq .cm/secの熱中性子束で 1分間照射された。照射された後，試料と標準はきれいなポリエチ
レン容器にうつされて 55Mnに対する (η，r)反応によってつくられた56Mnの0.847Mev gamma 
ray photopeakが 1024channel pulse height analyserをもっ 30cc.Gg (Li)検出器で測定され






片の試料で， こちらでイ壬意に記号をつけて BMSK(Swanscombe， Kentの頭文字)， BMKV 




Table 1. Manganese content of fossil bones of East Anglian series (1i 
Mn 
Estimated age I content I Description 
(~も
EA 5 I Villa. I 0.1 ω i 一 1m 叩 d由伽e釘印n叫11m
7 I Villa. 0.0355 I : bone I Walton 
18 I Mid. Pleist. 0.207 ー Irhino bone Dovercourt 
35 I Villa. 0.0:154 'Cromanion I I Little Oakley 
46 / Villa. 0.0408 I Mastodon arvernensisl dentine I Felixstowe 
47 I Villa. 0.0427 I Mastodon arvernensisl dentine I Suf.olk 
491 Mid.川p.Pleist.1 0.0411 I Elephant I dentine I Homersfield 
50 I Mid./Up. Pleist.1 0.0066 I Elephant I dentine 
53 I Mid.尺Jp.Pleist.1 0.0539 Elephant I dentine I Broome Heath 
55 1 Mid./Up. Pleist.1 0.15* ! Bone I Ilford， Essex 
57 I Villa. I 0.0205 I 一|一 IStevenag巴
64 I Villa. 0.0454 I Elephant I dentine I Bactone 
69 I Villa. I O.邸82 i Megaceros ! Bone 
71 I Villa. I 0.0521 
72 ! Villa. 0.0646 
73!Villa i oM6 
78 I Villa. I 0伯34
81 I Villa. I 0.573 I Whale 
82 I Villa. I 0.0709 
85 I Villa. I 0.0491 
86 I Villa. 0.0650 
94 I Villa. I 0.0320 
97 I Villa. I 0.0564 
98 I Villa. 0.0609 
99 I Villa. I 0.0440 
107 I Late Pleist. 0.0513 
112 I Villa. o.o:.m 
117 I Pre. Pleist. 0.0331 
118 I Villa. I 0.0441 
119 I Late山 i0附 i山 asmommoth 1 rib 
120 I Mid. Pleist. I 0.0506 
121 I Mid. PI巴ist. 0.0587 
122 ! Villa. 0.0467 
123 I Villa. I 0.049占
125 I Villa. I 0.0446 
126 i Villa. 0.0748 
127 I Vil1a. 0.0717 
128 ! Villa. 0.0839 I -
1 叩仙 i川 4 日叩hant I tusk 出土十一

























































Sample I Estimated age I content I 
(%) I 
EA 131 I Pre --;i~:~:---T O.OJ 33-1 
日2I Mid. Ple凶 0.0967 I Hippo amphibius 














Manganese content of fossil bones of Swanscombe series (2) 
Description Locality Sample Estimated age|lco(n%te)nt i !
S16l-M I 0.02J6 I1 Bar凶 eldpit 
18 I Mid. Fleist 0.0243 Bovid limb bone 
24 lJp. Pleist Ungulate limb bone l山側 Kent
35 Up. Pleist 0.0090 Rhinoceros ulna bone Ebbs丑eet，Kent 
39 Up. Pleist 0.0200 Elephant limb bone 
41 Mid. Pleist. 0.041ネ Dame clactoniana antler Barn五eldpit 
46 乱1id.Pleist. 0.0387 Bovid lngress Vale pit 
58 Holocene 0.0535 Sheep Halling， Kent 
G4 Holocene 0.0941 
66 Pleist.* 0.106 
67 Pleistネ 0.020ド Equus limb bone 
70 Lat巴 Pleist. 0.0960 bone 
78 Mid. Pleist. 0.263 Mammoth bone IS…mbe， Kent 
ネ 66， 67は Mid.Pleist として図中に記入した。
Miscellaneous (3) 
S叫 1 E山 tedage 
-←一一」一一一一一
BMSK I Mid時 ist













bone性omm in diameter) 
i } bone 叩 ent)
bone (17 mm in diameter) 
Swanscombe， Kent 
Kaiso Villag巴
Manganese content of fossil bones of Cambridge University series (4) 
I ~ • Mn content n Sample '， Estimated age I LHU ~UH ，~H' Description Locality 
(%) 
CU 1-1 4ぅ側 BPIω… ! ー ごて一-1 一一一
1-2 4，000 1 0側 1 - 1 ー 1.
(148) 
什のr!-jの微吊成分に関する地球化学的研究 (\~l) 119 
一一一三一sー?γ11 Description Locality 
:i 
l L:ωo l; 










t Up. -ljpper ple/stOte(/e 
M/Up. -l1kJ/IJp p/eistoce(/e 
食~ Mp.-!1idle p/eistocen.ε 
s 1 Vil/耳汁i!/afr耳目cl7aln
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骨の中の微量成分に関する地球化学的研究 (Vl) 151 




2. 今回の報告の試料には， Antler， tusk， dentineが多い。これらは同時代の骨よりもマ
ンガン含量は少ない傾向にある1)-6)。
"'1 
3. 骨の理没していた土壌の pHやマンガン含量の相違が考えられる。 Ha，aFteahの骨
CU-9に付着していた士のマンガン含量は北海道で、試料の埋没していた土壌のマンガン含量の
1/2に近い， また， 土壌中の水分の pHがことなれば水分中のマンガγ含量も変化し， マンガ
ンが骨にとりこまれる速さにも変化がおこる。土壌中の水分の pHが酸性側にかたよれば，マ
ンカφン化合物の溶解度は増加し，塩基性にかたよれば逆にその溶解度は減少する。そのために
土壌中のマンガン含量の分布は変化する。北海道道東の泥炭地で pH が 4.5~5.0 の土壌の層
(深さ約 1m)で，マンガン含量は下方に行くほど大で， 1.1 x 10-2%から 3.5xlO2%と変化し
た9)。遺跡によっては土壌の深さの中間の位置で、土壌中のマンガン含量が変化する場合があり，
これが骨のマンガン含量におよぼす影響も研究中である。
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A Study on the Rates for Semicarbazone Formation 
of Cycloalkyl Methyl Ketones 
Noboru Takeno， Shin-ichiro Kozuka and Nobuhiro Takano 
Abstract 
The rate and equilibrium constants of semicarbazone formation of cycloalkyl methyl ketones 
have been measured at 250C in aqueous solution buffered at pH 2.5， 6 and 7， using a sp巴ctropho四
tometric method. 
The rates of them decreased with increasing size of ring from cyclobutyl through cycloheptyl. 
At pH 2.5 an excellent argeeable linear steric energy relationship with Taft's Es constants was 
obtained within Jimits of ring variation from cyclobutyl to cycloheptyl. At pH 6 and 7 a high 
degree of linearity in linear fre巴 energyrelationship was obtained when the logarithms of rat巴S
for semicarbazone formation of cycloalkyl methyl ketones were plotted against the logarithms of 
rates for acid catalyzed esterification of corresponding carbocyclic carboxylic acids. 
1.緒言
近年，セミカルノミゾン生成反応について次の酸接触機構が提案されたトヘ



























b.p. 1100; n宮1.4231; Amax 215 mμ，271mμ(EtOH); (文献値 b.p.111_111.5019); η宝
1.422617); Amax 271 mμ20) (EtOH)) 
セミカルパゾン Amax233 mμ(ε=13，900) 
元素分析値 C 50.09%; H 8.15%; N 29.00% 
C6HnN30 としての







b.p. 1340; n習1.4292; Amax 282 mμ(EtOH); (文献値20)b.p. 134.80-135.20/750 mmHg; 
η苦1.4300)
セミカルバゾン; Amax 231 mμ(ξ=13，900) 










b.p. 86~880/90 mmHg; n2fJ 1.4401; Amax 240 mμ，279mμ(EtOH); (文献値20)b.p. 94.8~ 
950/99 mmHg;; n蛮1.4411;Amax 279 mμ(EtOH)) 
セミカルパプン Amax227 mμ(ξ ニ 13，400)
元素分析値 C 58.86%; H 9.19%; N 24.83% 
CSH15N30 としての




b.p. 62~640/9 mmHg; n2fJ 1.4510; 2max 239 mμ，282mμ(EtOH); (文献値20)b.p. 76.2~ 
77/25 mmHg; n]J 1.4491; Amax 281 mμ(EtOH)) 
セミカルパゾン; Amax 226 mμ(6二 13，300)
元素分析値 C 58.92%; H 9.41 %; N 22.19% 
C9H17N30 としての










b.p. 82-830/15 mmHg; n苦1.4577;Amax 240 mμ(EtOH); (文献値お)b.p. 86~870/16 mm-
I-g; n習1.4622): ガスクロマトグラフ分析条件;カラム 3m.， P.E.G. 6000， H巴28m1!/min.， 
温度 1650，保持時間 10.4min. 
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セミカルパゾン Amax226 mμ(ξ=14，100) 
元素分析値 C 61.17%; H 9.62%; N 22.48% 
ClQH19N30 としての
計算値 C 60.88%; H 9.71 %; N 21.30% 
シクロオグチルメチノレケトン(シクロオクテン 1molより 3gの収量)
b.p. 81~820j2 mmHg; n7; 1.4588; Amax 251 mμ(EtOH); (文献値20)b.p. 81~830j2 mm-
Hg; n~3 1.4762) : ガスグロマトグラフ分析条件;カラム 3m.， P.E.G. 6000; He 28 m1ijmin.‘ 
温度 1650，保持時間 21.4min. 
セミカノLノくゾン; Amax 226 mμ(e = 13，100) 
元素分析値 C 59.65%; H 9.84%; N 18.80% 
CnH21N30 としての
計算値 C 62.52%; H 10.02%; N 18.89% 
1・6 アセトン
市販特k&を3回蒸溜しガスクロマトグラフによる分析で純粋なものを用いた。
b.p. 54~54.50 ラんm: 275 mp (EtOH) 
セミカルパゾン; Amax 225 mμ(e=12，000) 
元素分析値 C 39.00; H 7.94; N 36.45 
C4HgN30 としての












ノレパジドの攻撃による 2次反応であるがこの 2次反応速度定数は (2)式より 2)計算した。
(156) 
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表 1 CH3CORのセミカノレパゾン生成反応の一次反応速度定数 kObs
pH2 pH6 一一一___ll壁土一一
~、一、一CONH2 1 kobs X 1伊 INH2NHCONH21 kobs X 102 INH2NHCONH21 kobs x 102 
1 (min-1) 1 x1Q2molj<i -1 (min-1) i xl02molj<i (min-1) 
2 7.98 1 13.3 2 7.11 
Methyl-
4 15.30 2 25.9 4 14.30 
2 2.30 6 3.08 10 
0.731 
8 4.02 12 0.916 
4 4.0 10 4.90 14 1.19 
2 6.74 1 8.52 
2 5.54 
6 15.60 
4 1.80 4 34.40 8 20.60 
2 5.88 
Q印刷ω川cl山叫…10均口叩p 2 3.10 6 4.03 4 11.80 
















kov = K kヮ---
2 - (H+) (セミカルバジド)遊離塩
(3 ) 
又，全平{島J定数Kovは(4)式より計算2) した。
Kα 一一一一一一ov (1 α)(セミカルパジド)遊離塩
( 4) 
表-2にそれぞれの条件下におけ、るん， kuv， Kovの平均値を示した。 (2)，(3)および (4)式の(セ
ミカノレバジド)遊離塩の濃度は 25%ユチルアルコール水溶液中における Jencksの pK=3.65














DH 2.5 pH 6 i pH 7 
HI(山。1-1.secjir!?2%jmワJ 支払三一
[60611311356 
17.4 0.0502 0.0783 
49.0 0.856 2.65 
24.6 0.294 0.668 
18.4 0.170 0.303 
14.6 0.153 0.274 

















































































































G. Kortum， W. Vogel， K. Andrussow; 
“Dissociation constants of organic acids 
in aq. solution" IUPAC， Butterworths， 
London (1961) 











CH2瓜" CH2れ EB CHEB 
I )CH一C一HC3乞二1之 I )CH一C一CH凡3ζ二コ:!





















数は cyclooctyl>cyclobutyl > cycloh巴xyl>














“λo -0.5 0 
Es 
図 1 pH 2.5におけるセミカノレバン生成
の線型立体エネノレギ一関係
k~ I主pH2.5におけるアセ lセ iカノレ
パゾン生成物の 2次速度定数
1: Cyclobutyl 2: Cyclopentyl 
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On Housing the Aging Population 
A Case Study in Hokkaido， Japan (2) 
Kiyoto Izumi* 
Abstract 
In order to make a contribution to the planning of the Public Dwellings for the Aged， the 
magnitude and the nature of demand are analyzed through the questionaires answered by the aged 
citizens. Analyses are made especially on the family relationship， present housing conditions， 
desired domiciles， contact with children， and the desired location and type of the Public Dwellings 
for the Aged. The analyses are concluded with the statement that the principle of supportecl 
inclependence shall be established in al housing projects for the aged. 
1. Purpose of Case Study 
1. lt is in the best interests of the economy and social health 
。fthe country to provicle old people with living arrange-
ments especially suited to th巴irneeds 
2. Industrializecl society， because of its infiuence on the break-
up of the generations， must assume some of the respon国
sibility for the shelter and care of the agecl previously 
supplied by the family. 
3. The old age group has the right to its proportionate share 
。fthe goods and services available to other age groups in 
the population. 
4. Mental and physical health of older people are promoted 
when the aged are previleged to retain ac1Ive membeτship 
in the life of the community. 
Wilma Donahueー 1)
Since around the beginning of this century， the population of the aged in 
advanced countries has shown a steady increase both in terms of the absolute 
number and of the percentage in national population structure. Beside this phe-
nomenon， the general trend toward the nuclear family has caused a remarkable 
increase of the elderly living by themselves and deprived of the care by the 
kinsfolk. Since around 1950， similar trend has become obvious in Japan. 
The housing for the aged has gener叫lybeen categorized into two types; 
the communal， or institutional， type and the residential type. The latter type， 
however， was proved to be more appropriate for the elderly and this fact has 
more or less been reflected on the national policies for old age housing in Swe-
den， the Netherland， Switzerland， the U.S.A.， and Norway. 
*泉清人 AssistantProfessor; Member of Architectural Institute of .Tapan 
(163) 
164 Kiyoto Izumi 
The Public Dwellings for the Aged (which shall hereafter be abbreviated as 
the P.D.A.) is the residential type housing for the elderly which is constructed 
and managed by the government or semigovernmental authorities. At the serious 
development of the aging problems， the construction of the P.D.A. was started 
in Japan in 1964. Ever since， the P.D.A. have been constructed in many parts 
of the country， but the total number of construction has been too small to meet 
the demand. Beside this， the quality of the P.D.A. has been poor and the design 
does not seem to have gone beyond the level of trial and error. As Dr. Wilma 
Donahue pointed out， in order to bring about the solution of the housing problems 
for the elderly， itis most important now that the circumstances of the elderly 
and the magnitude of their housing need shall be clari五ed.2)
The purpose of this case study is to achieve these objectives and to obtain 
some fundamental data for the planning of the P.D.A. in Japan. 
2. Method of Case Study 
In August 1969， with the cooperation of the related sections of the Mu-
nicipality of Muroran， the whole families with the head of house of 55 years 
and over in Muropan City were located from the Domicile Registration Cards 
and the questionaires were sent by mail to 2，450 families statistically selected out 
of them. 464 replies， which consisted 18.9% of the al questionaires sent， were 
obtained and， after checking the filling up of necessary forms， 455 of them were 
selected as the e旺ectivereplies. The ages of those who furnished us the e百ective
replies are shown in Table 1. 
The questionaire included the 
principle question about the will回
ingness to move in the P.D.A. 
with 14 other questions which 
were constructed to clarify the 
factors infiuencing on the reac-
tions toward the P.D.A. Most of 
ge|日-59160-64¥65-69¥70-74¥75~回f
江leI11lT111 
the questions were set in a multiple-choice form in order to make e旺ectivesta-
tistical analyses. 
3. Results and Analyses 
All data in the e旺ectively五lledup questionaires were transfered on punch 
cards for hand-sorting and the correlations of the principal question about the 
willingness to move in the P.D.A. with other factors included in 14 questions 
were analyzed. 
As the result， no apparent correlations were found between the principal 
question and the following four factors : 
1. Education 
(164) 
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2. Occupation 
3. Monthly Income 
4. Health Conditions 。nthe other hand， obvious correlations were discovered between the willingness 
toward the P.D.A. and the following three points: 
1. Ownership Status of the House 
2. Complaints to Present Housing Conditions 
3. Contact with Children 
The questionaires have also shown us some reactions of the aged people to the 
following three items : 
1. Desired Conditions of the P.D.A. 
2. Desired Location of the P.D.A. 
3. Desired Type of the P.D.A. 
Explanations of the results and the analyses of them are presented in五vesub-
sections hereafter. 
Table 2. Family Type and the Willingness to Move in the 





















































































































































































































































































1.7)1 5 ( 2β)1 4( 1:1 ( 2.9) 
g [ Miscellaneous (with spouse) 3 (6.0)[ 7 (6.0)! 9 ( 
1l e IMiscellaneous (wi1hout SpOl問)I 4 (8.0)1 4 ( 3.4) 
幻土竺竺n O( 0ト1竺)1 1 ( 0.6)11( 1.7)1 2 ( 3刊 5(竺
Grand Total l50(1000)1117 (1川町川60(川 )152川同(1州
percentage 0ぱf竺竺竺y Iγ吐巳竺竺j山 8幻吋巾山7司1ドい6ω…O
1 ( 0.2) 
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Table 3. Number of Family 
wωldい Number of 
Public Dwelling for the Aged ? 1 2 3 4 5 
Yes 9(18% .0) 15(30% .0) 12(24% .0) 10(20% .0) 3(6% 0) 
Yes， with conditions 11 ( 9.6) 29 (25.4) 32(28.1) 19 (16.7) 1O( 8.8) 
No 20 (11.4) 43 (24.6) 30 (17.1) 24(13.7) 26 (14.9) 
Not decided 9(15.3) 19(32.2) 6(10.2) 7 (11.9) 5( 8.5) 
No answer 7(14.0) 15 (30.0) 8(16.0) 6(12.0) 9(18.0) 
Total* I 56 (12.5) I山幻0)I 88 (19.6) I 66 (14.7) I 5叩!と|
* Number offamily member is not known for 7 families out of 455 total. 
3-1. Farnily Type and Housing for the Aged 
One of the most fundamental factors which relate to the housing problems 
of the aged is the family type of their households. Several proposals have been 
made for the classification of the aged family and the one proposed by the So-
ciological Institute of Frankfurt・am・Meinand another one proposed by Professor 
Soichi Nasu of Chuo University seem to have been highly evaluated.3) With 
reference to these proposals and after examining several alternatives， the author 
has obtained a classi五cationof the aged family which seemed to be most effective 
for this case study. According to this family type classification， al respondents 
are classified and presented in Table 2. Table 2 also shows the correlation of 
the family type of the elderly with their reactions to the P.D.A.， while Table 3 
shows the distribution of the number of family members of the aged families 
and their spoused ratios according to their reactions toward the P.D.A. 
These two tables give us fundamental data concerning the family structure 
of the elderly in terms of the demand for the P.D.A. The first thing which 
draws our attention is that there are a great number of the elderly who desire 
to move in the P.D.A. The percentage of these elder people is 36.7 (11.0+25.7)% 
among the whole respondents. The tables also show us the strong demand for 
the P.D.A. among the one-generation families and relatively strong repulsion 
among the three-generation families， especially among the families with the couple， 
the child's couple and the grandchildren. As widely pointed out， the extended 
family is now in the gradual collapse toward the nuclear family. The demand 
for the P.D.A. may， therefore， be forecast to increase in the course of time. 
3-2. Present Housing Conditions and Willingness to Move in the P.D.A. 
Since the housing problem for the aged consists a part of general housing 
problems of the nation， itis presumed that the present housing conditions of the 
aged have strong influence upon their reactions toward the P.D.A. The presump-
tion will easily be proved by Table 4， which shows the relationship of the own-
ership status of their present houses and their reactions toward the P.D.A. 
Among the elderly who own their houses， those who would like to move in 
(166) 
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Member and Spoused Ratio 
family member 




1(2% .0) O(% O) O(% O) O(% 0) O(% O) 50(1∞% 0) 2.7 64.0 
9( 7.9) 2(1.8) 2(1.8) O( 0) O( 0) 114(100.0) 3.3 75.2 
21 (12.0) 6 (3.4) 3 (1.7) 2(1.1) O( 0) 175 (1∞0) 3.6 76.1 
6(10.2) 4(6.8) 3 (5.1) O( 0) O( 0) 59(100.0) 3.5 65.0 
3( 6.0) O( 0) O( 0) 1(2.0) 1 (2.0) 50(1∞.0) 3.3 73.1 
倒 (1∞0)1 3.4 72.7 
Table 4. Ownership of House and the Willingness 
to Move in the P.D.A. 
W ould like to move in Ownership of House 
a Public Dwelling for h |lhcloylhbk luk | Total the Aged? Own ousel Renting I e;;~ï~~vti'se I ho;~;;;g I Unnown 
Yes 11 ( 3持6) 24(38% 1) 9(19% .1) 4(21% .1) 2(11% 8) 50(11% 0) 
Yes， with conditions 62( 20.1) 23( 36.5) 19( 40.4) 7( 36.8) 6( 35.3) 117( 25.7) 
No 147 ( 47.6) 9( 14.3) 11 ( 23.4) 6 ( 31.6) 3( 17.6) 176( 38.7) 
Not decided 45 ( 14.6) 3( 4.8) 7( 14.9) 2( 10.5) 3( 17.6) 60( 13.2) 
No answer |“( 14.2) 4( 6.3) 1 ( 2.1) O( 0) 3( 17.6) 52 ( 11.4) 
Total 1309 (1州 !日(1∞0)147(1∞0) 19 (1∞0)ド7(1∞0) 14日(削 )
the P.D.A. without conditions are merely 
3.6% and those who would like to move 
with some conditions are 20.1 %. Among 
the elderly who now rent their houses， 
however， these percentages go as high as 
38.1 ~ら and 36.5%， respectively. Like-
Table 5. Main Reason to Refuse to 
Move in the P.D.A. 
Main reason 同司 ?ら
P…n ho附 i 58.5 
Prefer to live with children 26.1 
Do not like to live in a closed 
wise， among those who own their houses， community of the aged 
the percentage of the elderly who repulse Miscellaneous reasons 
to move in the P.D.A. is 47.6%， while， No answer 
among those who rent their houses， the 
percentage is merely 14.3%. Table 5 is 
the result of the question to see the main reasons why a part of the elderly 
repulse to move in the P.D.A. The fIrst reason here is also that they possess 
their own houses. From this table， itmay be deduced that the economic factors 
surpass the psychological factors. 
lncidentally， itis also noteworthy that those who repulse the P.D.A. by the 
reason that they do not like to live in a closed community of the aged is merely 




Total 176 100.0 
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for the aged does not seem to be so prevailing as generally presumed. At any 
rate， further studies shall be made on this point in order to make contributions 
to the housing projects for the aged. 
Table 6 shows the complaints of the elderly about the present housing con回
ditions and environment. As presumed from the first， itis observed that the 
greater the complaints， the stronger the demand for the P.D.A. This fact sug-
gests us that， in order to achieve the welfare of the ag吋 interms of housing， 
the construction of new housing for the aged shall be accompanied by the better四
ment of their present housing conditions and environment. 
Table 6. Complaints to the Present Housing 















Many researches and case studies conducted so far in western countries have 
proved that the dwellings for the aged should， irrespective of the type and the 
kind， be constructed in the area where the 
aged people have spent their years up to the 
present time.4) Table 7 shows the prospect 
domiciles of the elderly asked in this case 
study and also those of the people of al age 
groups asked in the former case study con同
ducted in the same city.5) Though 48.6% of 
the people in general (al age groups) replied 
that they did not decide their future domiciles 
yet， the majority of the elderly， 82.9%， replied 
that they would like to live in the same city. 
1n many fields of old age welfare， itis insisted 
that the services for the aged shall be pro-
vided not on national or regional levels but 
r， I 
House is worn out 1 14 (28刈
I-ouse is too small 1 13 (26目0)
Far from chlidren's houses i 4 ( 8.0) 
Poor environment 1 8 (16.0) 
High rent 7 (14訓1
Being asked to vacate the house 1 5 (10.0)1 
Miscellaneous I 6 (山)l
No complai山 I 9(則)[
I 50 I Number of Respondents 
3-3. Desired Domiciles of the Aged. 
(168) 
Table 7. Prospect Domiciles 
in Future 
ロアWh記長;do youwant to 
live in future? 
I-f:¥_gen groupl All a!les Location 155 & over 1 "'^' U5vO 
(%) 1 (0/0) 
Muroran 82.9 30.6 
Sapporo I 1.3 4.8 





Not decided I 7.0 I 48.6 
No answer 5.1 7.8 
日 tal 上竺日J竺.0
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on community basis.4l 1t is safely deduced from Table 7 that the community 
orientated approach is appropriate for the housing problems of the aged as in 
other welfare services for the aged. The most important reason to support the 
community orientated approach is explained that the personal contact of the 
elderly with their old friends and society is the most vital moment for them to 
lead a contented life. Careful attention， therefore， shall be paid to this fact in 
case of selecting the locations of the P.D.A. 
3-4. Contact with Children 
According to a case study conducted in Vienna， the main reason given by 
inhabitants for discontent with the old age apartments was reportedly that the 
distance from their families was too great.6l 1t is obviously true throughout the 
world that the most important concern of the elderly is the contact with their 
children. Many data are reported to support this fact by western sociologists. 
Table 8 shows the correlations between the contacts with children and the reac-
tions to the P.D.A. among single old persons and elderly couples (one-generation 
families) in this case study. The existence of the correlations between the two 
is quite obvious. About half of those who would like to move in the P.D.A. 
are completely deprived of the contact with their children and， on the contrary， 
the majority of those who show repulsion to the P.D.A. are given the opportunity 
of frequent contacts with children. 1t can be conjectured that the repulsion to 
the P.D.A. is forti五edby the fear that the change of domicile required at moving 
in the P.D.A. would disturb the contacts with children which the elderlv are 
presently cherishing. This fact is also one of the important points， to which 
most careful attentions shall be paid at deciding the locations of the P.D.A. 
Table 8. Contact with Children and the Willingness 
to Move in the P.D.A. 
W ould like to move in a P.D.A. .t
Childre出 Vl…
per y聞| I Yes， with I "T~ I r~__~. .~" I "T~ ~_~.，，~_I es 十 VVHU No I Cannottell Noanswer I Total I con日ltlonsI 
% 
None I 10 ( 47. 11(35% 5) 11(19% .6) 12(48% .0) 9(42% .9) 53(34% 4) 
1 to 5 4 ( 19.J) 3( 9.7) 12 ( 2l.4) 4( 16.0) 2( 9.5) 25 ( 16.2) 
6 to 30 2 ( 9. 8( 25.8) 7( 12.5) 4( 16.0) 3 ( 14.3) 24 ( 15.6) 
31 to 100 2 ( 9. 3 ( 9.7) 9 ( 16.1) 2( 8.0) 3 ( 14.3) 19 ( 12.3) 
100 & over 3 ( 14.3) 3 ( 9.7) 12 ( 2l.4) 2( 8.0) 4( 19.0) 24 ( 15.6) 
Very rare O( J) 3 ( 9.7) 5( 8.9) 1 ( 4.0) O( 。) 9( 5.8) 
Total 況(削) I叩 0.0) I川 0.0) I 25川 l叩 0.0) I叫州
3-5. Desired Conditions for Location of the P.D.A. 
Needless to say， good quality， or comfortableness， of the P.D.A. is important 
for the welfare of inhabitants. Appropriate location of the P.D.A.， however， is
as important， or often， more important than the good quality. Table 9 is the 
(169) 
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Table 9. Desired Location of the 
Location 三二日出品 1 No I C型どづ一一
The heart of the city 
Residential quarters in 
the city 
Residential area in the 
suburbs 
Peaceful countryside 
with good views 
Miscellaneous 
No answer 
(ド一円一13判川…一(岬川川川6ω州叫O町恥………)川川J巾一I20川川一却釧(17け岬口 … わ一……|円門山一9引川山(川1η7.3め) 白U…(刈川川m削9鈎) 
o ( 0) I 0 ( 0) I 2…(川(1.1)一lμ山 山一l幻山じ……)川1:川川川一l引(川1口7)I1 (一( 1.9川一(川(凶 ) [ 一
7引(叫i山 8州叩
Total |同50引(川 l卜同一u山山l幻7引(川 1 1叩 OωOα川)i 60 (100.0)同2(1川町100.0)
desired location of the P.D.A. as 
classifi.ed according to the magnitude 
of the willingness to move in. It 
is most noteworthy that half of the 
categories “yes" and “yes， with con-
ditions" appointed residential quar幽
ters in the city as the desired loca幽
tion of the P.D.A.， while many of 
the category“no" appointed p回 ce-
ful countryside with good views. 
Although the idea that the housing 
for the aged shall be located in 
Table 10. Desired Conditions of the 
P.D.A. (multiple answers) 
Conclitions 
Convenient for living 
Low rent 
Convenient for visiting 
Close to children & friends 
lWould like tomove 
l in a P.D.A. '?
Yes I Yes;.with 
r es I conclitions 








Conveni巴凶 for wo比 ;)6.0 
15.4 
35.9 
Miscellaneous 10.0 I 2.6 
No answer 4.0 I 7.7 
peaceful and quiet pastoral environ聞 l
ment悶 msto be prevailing among N可u帥I町I
the general public， the same idea 
has been proved not to be practical for the true welfare of the elderly by western 
researchers.4) This fact is not actually proved in Japan where the number of the 
constructed dwellings for the aged is very small up to the present. Table 9， 
however， shows us that the elderly citizens who actually think the possibility of 
moving into the P.D.A. are already aware of this fact. As Dr. G. H. Beyer 
pointed out， the true satisfaction of the elderly lies in their own consciousness 
that they are stil important members of the society.4) Therefore， when the loca-
tion of the P.D.A. is to be decided， utmost care shall be paid not to disturb but 
to encourage the elderly to preserve their social solidarity. 
Table 10 is the desired conditions of the P.D.A. as presented by the cate-
gories “yes" and “yes， with conditions". It is noteworthy that the main condi世
tions requested by the elderly are of economic and五nancialnature. Compared 
to European experiences， psychological aspects seem to be subdued. It is also 
(170) 
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noteworthy that the condition to be “convenient 
for work" is highly requested， though most of 
the respondents are supposed to be of retired 
age. This fact does not necessarily mean that 
the elderly are indigent. As Dr. G. H. Beyer 
pointed out， to work active in the society 
is quite necessary for the aged to maintain their 
self開con五denceand social solidarity， which are 
believed to be the most vital factors for the 
welfare of the aged.4) This concept will be 
supported by observing Table 11 and Table 12. 
The former table shows that the great majority 
of the aged， 83.5%， want to work as long as 
possible and the latter table shows that the 
retiring age requested by the aged themselves 
(the average is 69.0 years) is much older than 
the generally established retiring age of this 
country (55 to 58 years). 
1t is deduced from al these analyses that 
the location of the P.D.A. shall be decided with 
very careful considerations that the inhabitants 
shall never be inconvenienced to work by mov-
ing in the P.D.A. 
3-6. Desired Type of the P.D.A. 
Table 13 shows the desired type of the 
P.D.A. as classified according to the magnitude of the demand. 1t is characteristic 
that the stronger the demand， the more de五nitethe desired type of house. It is 
also characteristic that the detached house is more strongly desired than other 
types of house and that this trend is more obvious among the categories “yes" 
Table 11. Old Age and W ork 
Q. D厄70五V記子to元vurk-iil
your old age? 
W ould like to work I 00r. I 00~ 380( 83.5) as long as possible 
W ould like to retire 




13 ( 2.9) 
18 ( 4.0) 
Total 455 (10.0) 
Table 12. Desired Age of 
Retirement 
Q. when do you want to retire ? 
5 years 4( 0持.9) 
60 years 3 ( 7.3) 
65 years 116 ( 25.5) 
70 years 153 ( 3.6) 
75 years 54 ( 1.9) 
80 vears 25 ( 5.5) 
Beyond 80 yeors 5 ( 1.1) 
(Average) (69.0 years) 
Cannot tel 24( 5.3) 
No answer 41 ( 9.0) 
Total 455 (10.0) 
Table 13. Desired Type of the P.D.A. 
r--------Wuuld Jike to move-in a P.D.A. .t
28 ( 23.9) 
2 ( 1.7) 
1 ( 2.0) i 2 ( 1.7) I 0 ( 0) i 1 ( 0) I 0 ( 0) I 引 0.7)
5( 10.0) i 14 ( 12.0) I 67 ( 38.1) 119( :.n.7) I 29(55.8) I 134 ( 29.5) 
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and “yes， with conditions". 1n western countries， especially in North European 
countries， many dwellings for the aged were constructed and various types were 
developed after the World War 11. No signi五cantdevelopment， however， has 
been made in this country in this五eldof housing and this fact has naturally 
given a strong limitation to the idea of the elderly on their future dwellings. 
Howeverラ sincemany elderly citizens request the P.D.A. in residential areas in 
the city， the solution by means of the detached house shall naturally be limited. 
Therefore， itwould be one of the urgent missions of Japanese architectural world 
to make researches and to develop unique solutions of the housing of the aged 
conforming to the true demand and appropriate to the situations of the society. 
4. Conclusion-the Principle of 
Supported Independence 
The general trend toward the nuclear family in advanced industrial societies 
can never be changed. Older people now tend to form their own households 
apart from those of their adult children. Ethel Shanas explains that this develop-
ment is the result of three main factors， namely， 1) increased urbanization， 2) 
increased national mobility， and 3) the change of cultural values.7) This general 
tendency is in principle to adversely a旺ectthe welfare of the elderly. From the 
al analyses of the case study， itcan be deduced that the best architectural solu-
tion for the housing problems of the aged under the general tendency is to 
establish the principle of supported independence as named by Peter Townsend.8) 
It shall always be remembered that， without the principle of supported inde-
pendence， no project of the housing for the aged shall be successful for the true 
bene五tof the elderly citizens. 
(Received May 4， 1970) 
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On Searching Behavior of Housing Demanders 
for Private Apartment Supply 
A Case Study in Sapporoー
Jiroh Majima 
Abstract 
In the process of a city-wid巴 planningfor housing supply， itis most essential to recognize that 
the housing demand is always created from the whole spheres of the demanders' daily life. When 
there is a possibility that more adequate houses are supplied to the housing d巴mandersaccording 
to a certain housing plan， one of the important conditions to guarant巴eth巴 effectiverealization 
of the plan， therefore， shall be the accuracy of the informations about the houses and their loca-
tions， presented to the demanders for their selections 
The purpose of this paper is to clarify the demanders' behavior in the search for the housing 
informations through the analysεs of a case study conducted in Sapporo City in 1966 to 67， and 
consequently to give an evidence to the necessity of the housing informations as the media between 
demand and supplyア
As far as the author has investigated in this research， itis concluded that the searching behav-












































































































































を調査員が回収する方法によって行なった。 調査期日は 1967年 10月20日一11月20日で，有
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によって検討しよう。 N，K両地区とも怯住位置条件，特に d.通勤の便を第 1位に考えている
(178) 
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次いで b住宅種別 (N地区 19%タ K地区26%)，(N J:也氏で 47%ラ K地区で35%)，ものが多く
N地区では J.士地のふんいき (17%)，K地医では C.日照通!武 (26%)が多い(図 3・1・3・a)o1頃
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それから a住さらに J.土地のふんいき，その次が C回日照・通風， f.日常購売利便，宅種類，
宅規模， e.都心への近さ， h.都市公共施設 i交通事故・公害，がつづき最後が g.学校公園，
d.， b.， c.がほぼ同程度の順位で次いで f.，さらに a.，そK地区では，および l王.その他となる。
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3) 家賃の許容限界: 灰1-3・1・5によると， N地区の場合， 10千円， 15千円， 20千円の
3つの山がある。選択結果である現在家賃をこれと較べると，現在家賃がこれを超過している
ものは23%程度であるが，そのうち 1段階 (2千円)以内の超過者は， 11%となっている。 K
地区の場合， 10千円，次いで8千円に際立ったピークがある0)。この地区の現在家賃の際立っ
たピーグは8千円にあるので，現在家賃が許容限界を越えているものは N地区より若干少な






















































2) 民間アパート探索個所数: この場合も，同地区ともきわめて少なく 5個所未満が
ほぼ 2/3程度あり，そのうち 1個所(現住岩)のみのものが，両地区とも 3割前後におよんで
いる(悶 3・2・3)。
3) 探索圏域: 対都心ゾーンセクターでみると(表-3・2・1)，N地区では現住地以外の探
索個所不明が 25%あるが，しかし約 2/3(有効票の 89%)が 2km圏， しかも同 J セクターの
みという限定的な圏域で探索している。 K地区では最大 6km以内聞が93%(有効票の 99%)
で，そのうち 4-6kmの圏域のものが一番多く 61%強，これに 2-6km圏のものを含めると
88%となっているがラさらに詳細にみると 4-6km圏でも同一セクターのみのものは 57%弱
(4-6km聞の 92%)に達L，これに 2-6km圏を含めてみると同一セクターのみのものは 70%



























































および不変更の 46%)，これに職場近接方向を加えると 44%(同， 75%)となり，さらにこれらの
うち前住地と職場とを結ぶ交通路線近辺(同 Aセクター)のものは同一距離圏で23%(同 40%




よび不変更の 26%)，接近方向のものは 14%(同 22%強)であるのに対し職場離遠方向のも
のは 28%(同 44%強)と比較的多い。 また交通路線系でみると p 探索圏が(現)職場に対L前
住地と異なる交通路線系へ向うものが若干存在する。つまり同一交通路線系のみのものは 22%
(同 35%)であるのに対L，他交通路線系のみのものは 305も弱(同 47%強)，これに同一路線と
他路線の両方に及ぶものを加えて 42%弱(同 65%)となる。これらのうち同一距離圏のみのも



































4.4 0.9 19 2 計)(小市内大移動変





13.5 124 29 計)
同一距離圏
16.4 
前住地向ーセクター 14 14 6.5 3.3 
同一距離圏 他セクターのみ 19 35 8.8 8.2 
および 同一+他セクター 4 11 1.9 2.6 
職場接近
(小 計) 37 60 17.2 14.1 
前住地問ーセクター 18 32 8.4 7.5 
同一距離圏 他セクターのみ 5 67 2.3 15.7 
およ び 同一十他セクター 3 21 1.4 4.9 
(小 計) 26 120 12.1 28.1 
前住地問ーセクター 2 5 0.9 1.2 
職場接近 他七クターのみ 2 2 0.9 0.5 
およ び 同一+他セクター 1 11 0.5 2.6 
職場離遠
(小 計) 5 18 2目3 4.3 
前住地問ーセクター 84 94 39.0 22.0 
他セクターのみ 32 127 14.9 29.8 
言十 戸jー +他セクター 10 47 4.7 11.0 
(小 計) 126 268 58.6 62.8 
不 明 35 27.9 8.2 
(185) 















けにもあらわれており， 3・1-2)にもあるように一般的な順位づけのノミターンにおいて， d. 












一 一一__ N ___._.K_._I 人」ー モー
探索個所 l悩所のみ | 68 | 117 i 川 27.4 
通勤条件同--sI'¥ ~Ij[閤 46 川 21.4 25.8 
故近接地点 1:3 7 6.0 1.6 
職場按近|近接地点 9 9 4.2 1 
(/J二 j f-)十~:__ i____ _1~_ ._1 10と l 3.7 
通勤条件中程度地点 | 12 12 
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fJi.佐市を構成した世帯でも前住居までの 1個所当り平均居住年数は短く 2年未満のものが N :l'1f!.1豆で全








図 N-ii) 職場分布 (K地区)
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T) このことが1つの予想として，脚註 Fにおける課題解決への 1つの手がかりとなると考えられるしこ
れによって文献 11の一連の研究の 1部として位i置づけられ得る。そして，さらにこのことが住宅需給構造
の要因分析をより精ちにつめる必要性への 1つの根拠となる，と今のところ考えられる。
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Studies in the Properties of Bending Elastic-Plastic 
Behavior of Some 1 Steel Beams 
Sakutaro Nakamura* 
Abstract 
In this paper the present writer stated that he pursued and found the behaviors and proper-
ties of bending elasticity and plasticity of some 1 stel beams simply and hinge-五豆町lysupported 
on both the ends， by giving two concentrated lin巴loadson the span centre of each beam. 
1. Introduction 
The present writer made some 1 steel beams by use of H shaped steel of 
SS-41 and FCM-41 that are much applied as the members of bridges and archi-
tectural structures. 
He pursued the extreme bending strength， the stress distribution and the 
elastic-plastic property within elastic limit and found some interest behaviorsl)-3) 
in some 1 steel beams having two concentrated line loads in the centre of span， 
simply and hinge-五xedlysupported2)-4) on both the ends. 
Recently with the progress of science and the spread of its applied extent， 
the experiments5)-S) of 1 steel beams are being actively carried out for the inves帽
tigation9)-13) of their elastic-plastic behaviors and the theoretical analyses are also 
being performed by using not only the elastic theory but the plastic theory and 
the elastic-plastic theory of 1 steel beams. 
But it is very di伍cultto get the reasonable method of the theoretical analysis 
to consist with the actual elastic-plastic behavior on experiments， because the 
usual analytical formulae of elastic-plastic theory have the many problematic 
assumptions and are matched il with the actual behavior. 
In this study， the present writer pursued and discussed the bending elastic閉
plastic behaviors and many unknown properties of 1 steel beams simply and hinge-
五xedlysupported on both the ends. 
I. Experiments of I-Beams on the Bending 
Elastic-Plastic Behavior 
1. Experimental Apparatuses and Instruments 
Universal testing machine: RH-100 type， max capacity-100 t; X-Y Recorder; 
Strain meter (Indicator): SM-4J type electric resistance static strain meter， DPM-E 
type electric resistance dynamic strain meter; Switch box SS-24J type; Strain 
ヰ中村作太郎
(193) 
194 Sakutaro Nakamura 
gauge: KL-20A5 type (Gauge length 20 mm， Resistance Q 119.5土0.3，Gauge factor 
2.06土1%)， KP-10-A1 type (Gauge length 10 mm， Resistance Q 120.0土0.3，Gauge 
factor 2.03こと1%); Glued material: Bond 3，000; Dial gauge (Accuracy 1/100 mm). 
2. Kinds of Steep4) 




ance steel corresponding with 
SM-41 (Mechanical quality is 
the same as welding structural 
rolled steel and welding quality 
is the same as JIS standard of 
SM-41) 
The two kinds of above-mentioned steels 
are standardized goods of Fuji Iron-Manufac-
turing Company. 
3. Cross-sectional Dimensions of 1 Steel Beams 
and Positions of Their Strain Gauges 
The cross section of experimental beam-
models is I-shape constructed of H-steel and 
their cross-sectional dimension and the position 
of their strain gauges is as Fig. 1. 




Fig. 1. Sectional Dimensions， Gauge 
Points and Gauge Nos. of a 1-
Beam Constructed of H町Steel.
Four 1 steel beams of SS-41 and four ones of FCM-41 are experimented 
respectively as follows. 
A. Experiments of Simply Supported Beams1)-3) 
Two beams of SS-41 and two ones of FCM-41 are respectively experimented. 
B. Experiments of Hinge-Fixedly Supported Beams 
Two beams of SS-41 and two ones of FCM-41 are respectively experimented. 
But in the case of hinge-fixedly supported beams， he experimented strictly one 
by one by making use of two different bearing holders. 
Nextly the point， the order and the method of experiments are explainecl as 
follows. 
Each beam-model one by one is laicl on the load pedestal of universal testing 
machine (RH-100 type) in the state of beams simply and hinge-fixedly supported 
on both the ends as Fig. 2. 
A load is set on each beam-model by the loading method of two concentrated 
line loads in the centre of span， and increased gradually to the limit of the ulti向
mate load. 
(194) 









Fig. 2. Loadecl and Supported Staies in the Experiments of I Steel Beams 
(Load: two symmetrically concentrated line凶loadson the left and 
right of the span centre， Support: one kind of both simple supports 
and tV'iO kinds of hoth hingecl ancl五xeclsupports No. 1 & No. 2). 
Hereラ heobserved， mεasured and calculated in detail the strain， the deflection 
and the stress intensity in the elastic and plastic behaviors of beam司modelsby 
making together use of the above-mentioned static and dynamic strain gauge， dial 
gauge and X -Y recorder. 
Still more in thisほ perimenthe took specially a serious view of this plastic 
behavior of the vicinity of ultimate strength and the elastic聞plasticbehavior in 
the process from proportional limit to ultimate limit. 
ur. Theoretical Bending Solutions of I-Beams 
1. Theoretical Elastic Solutions 
The present writer adopted intact the assumptions of Bernoulli圃Navier'slaw 
and Hook' s one and some else assumptions used as ever in the bending elastic 
analysis of beams， and he introduced the next formulae. 
ε/日 /ρ=o， Mzj4WAtuo，
M?j =EI<tv =σyS'" ， 。くゆくゆD
σー 仲)(1) 
Hereuponラ ρRadiusof curvature，ε: Strain，γVertical distance from neu凶
tral axis to any point， E: Modulus of elasticity， A: Sectional area， 1: Geometrical 
moment of inertiaラ M:Bending moment within elastic limit， Af: Yield bending 
moment，σBending stress intensity within elastic limit，σ'1: Yield bending stress 
intensity， S: Section modulus， <t: Curvature within elastic limit，恥 Curvature
in yield bending moment. 
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A. Theoretical Solutions of Simple 
Beams 
Referring to Fig. 3， the present writer 
got the formulae of reaction， bending mo幽
ment， shearing force， bending stress inten-
sity， shearing stress intensity and deflec-
tion of the simple beams having two co仔
centrated line loads in the centre of span Fig. 3・ ElasticBending and Defiection 
as follows. of a simple Beam. 
Reaction 
RA = RB =P/2; 
Bending moment 
1i1 = Px/2…O三白三五a， M=P(l-x)/2 …(叶 b) 三~x;;;_l， 
A1c=Mnニ Mmaxニ Pa/2; 
Shearing force 
Q=P/2 ・・・ O~玉 x~ミ a ， Q=-P/2…(α+b)壬z豆l; (2 ) 
Bending stress intensity 
σ=土Mν/1=土M/S
(+ : Tensile stress intensity，ー:Compressive stress 
i凶ensity)
Shearing stress intensity 
T抑=即Z1)1:凶
Hereupon，払 z:Vertical and horizontal distance from a origin of the rec四
tangular coordinate-the centre of sectional figure， dF: Area of minute section 
in the vertical distance y from a origin of the rectangular coordinate，γ。:Vertical 
distance from a origin of the rectangular coordinate to each surface of the upper 
and lower flanges of section， Yl: Vertical distance from a origin of the rectan-
gular coodinate to the any point of T YZ. 
Bending deflection in the centre of span 
。J[= (Pa/4E1) (a3/3 -l2/4) ????
? ? ? ? ? ? ?
Shearing deflection in the centre of span 
むこ 2Pa(l-α)/lGA"，
Hereupon， G: Modulus of rigidity， A叩 Sectionalarea of web， l: Span 
length， P: Resultant of two concentrated line loads. 
(196) 
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B. Theoretical Solutions of Hinge-Fixedly Supported 
Beams on Both the Ends 
Hence referring to Fig. 4， the present writer showed the analytical formulae4) 
of the reaction， the deflection angle， the deflection， the bending moment， the 
shearing force， the axial tensile force， the bending stress intensity and the shearing 
stress intensity in the hinge-fixedly supported beams having two symmetrically 
concentrated line loads and one side only load in their span centre part as (4).-.(18). 
In the case of beams having one left爾sideonly load P/2 only referring to 
Fig. 4， 
Reaction of the point A and B， 
Rj = (P/2) (1-8)， Rz = (P/2) 8; 
Deflection angle， 
CDj = (Pl刊KI)j;， タ2= (Pl2/8KI)fz 
However， 
五=ω2[{sinh28ω+cosh 2ω s凶 2(2 山 cosh 2(2一山}/
(sinh 4ω十cosh4w一1)+1一ε4] 
五=ω2[官か{い(ドsinh2(但1一山十刊叩C∞osh2(但1一山一s討inh2(但1十廿刊s司)
一cosh 2(但1+廿刊ξ討山叫)川ω付}(s引inh4 ω +c∞osh 4 ω 1)+ ε ] ， 
Oくε<+1
N 
Fig. 4. Elastic Bencling ancl De丑ectionof a Hinge-Fixeclly Supportecl Beam. 
( 4 ) 
In the case of beams having two symmetrically concentrated line loads 
(P=P/2十P/2)，the reaction， the deflection angle， the deflection and the bending 
moment are as follows. 
Reaction 
R = Rj + R2 = P/2 
Deflection angle 
ヂ=(CDj十和)=(Pl刊KI)(1; + fz) 
Calculating formulae of deflections in the any point， 
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y = (1/';) [(Pe/2N) {.;x-s凶 .;x+.;(l-x)-sinh.; (l一羽)
十和{sinh.;(l-x) + s凶.;(lー ♂l}] α合壬(α+b)
y = (1/.;)[(P/2N){.;(l-x)-sinh.;(I-x)+(~1十州凶.;(l-x)
(α +b) 三==X~玉 J
Calculating formulae of bending moments in the any point， 
Mx=(山)s凶 .;x{P/2-N(タ1叩 2)}...0台自
Mx = (1/';) {州l.;X+sinh .;(l-x)} {(p/2)ε -N~2} α釘壬(α +b)
Mx=(市)sinh .;(l-x){P/2-N(~1 十約)}. (α+b)孟x-;2l
? ??
( 7 ) 
Deflection in the centre of span， 
y = (l/c)[(P/山){c(l/2)-sinh .;(l/2)} + (ヂ1+円)sinh.;(l/2)] (8) 
Bending moment in the centre of span， 
Mz戸(ゆ)sinhミ(l/2){P/2-N(机叩2)} (9 ) 
Shearing force in the any point， 
















In the case of beams having one side only concentrated line load， the 
calculating equation of the axial tensile force N is as follows. 
エ(1/此)2Rn~na~KI(sinh 2丸/2丸十sinhι/丸一cosh丸一1)
-I: (1/政)R;， a~， (sinh 2k，J2ι+2 sinh k，J丸一2cosh 丸一1) ~ (11) 
-I: (1/ど)~;， a;， K2J2 (sinh 2k，J2丸一1)-4lK213/4= 0 




j~(丸) = (1/此)(sinh 2kn/2丸一1-cosh丸十sinhι/丸)
fz(丸)= (1/ん~)(sinh 2丸/2丸+2 sinh ι/丸一2cosh 丸一1)
fz(ι) = (l/k;，) (sinh 2丸/2丸一1)
(12) 
Then this axial tensile force N of a beam having two symmetrically co仔
centrated line loads (P = P/2 + P/2) in the span centre part is twice as large as 
(198) 
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that of a beam having one side only load (P/2) in the same part. 
民10reover，
Bending stress intensity 
σ=土Mνj1=土M/S
(+ : Tensile stress intensity，ー:Compressive stress 
intensity) 
Shearing stress intensity 
r:~z = (Qj沼 )j:ydF 
2. Elastic-Plastic Bending Analytical Solutions2)，9)，12)，13) 
A. Theoretical Assumptions for Elastic-Plastic Bending Analysis of Beams 
The assumptions of analysis in the elastic-plastic bending behavior of beams 
have been backed up properly by many experiments and may be shown as follows. 
i. The strain is proportionate to the distance from the neutral axis. 
i. The physical relation of stress蝿strainis elastic before the stress intensity 
内 inthe static yield point and after that it becomes plastically flowing 
without any restriction under the constant stress intensity σr 
ii. The physical relation of stress-strain in the compressive side is the same 
as the one in the tensile side. 
iv. Assuming that the deformation is microscopic， the curvature of a bended 
beam is approximately formularized by the twice di旺erentiatedexpression. 
In the plastic bending behavior of beams， the assumption of i. is well applied 
in the distribution of strain and the ones of i. and ii. are likewise applied in 
the distribution of stress. 
B. Theoretical Solutions of Simply Bended I-Beams12) 
Fig. 5 (a) shows that the yieldings begin with the heads of both flanges and 
the outside parts of both flanges become the plastic domain. 
Then， 
M=2jfωぬ十2仁川ν0)ybydy 




Hereupon， b: Width of flange， t:Thickness of flange， w: Thickness of web 
plate， d叩:Depth of web plate， d: Depth of I-beam， 1: Geometrical moment of 
inertia of I-beam=bd3j12-bd~j12+wd~.j12， S: Section modulus of I-beam=lj 
(dj2)， Yo: Depth of the elastic domain=σyjEゆ
(199) 
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6三
r r 
(a) YエeHin日 withinFl九nges(b) Yieldin[ ~it11in w~h Plate 
Fig. 5. Elastic-Plastic Bending of a I-Beam. 
Moreover， 
M/My = (bd2/4S){1一(巾)(ゆy/oy}十(ゆ片山-bd3/6S) (15) 
The formula (15) is applied for the extent that the outside parts of both 
flanges bigin to yield and the total parts of both flanges yield perfectly， namely-
the extent of 1くゆ/仇<(d/2)/{(d/2)-1}. 
Next， referring to Fig. 5 (b) the present writer considers on the extent that 
totally both flanges yield perfectly， the web plate begins to yield and the inner 
parts of a web plate become plastic. 
M = 24fj[仁;:;y 向 +2サ4f;[仁:7:了/山 dぬ什如νr肘+トは2rト〉G刊，(a何附σ
=σ円y(ゆbd2/片4一bd;jμ4+印 d;，乙U'J/μ刈4引)一σ円U叩 ν吋uβ3 
?? ???
、??????
The plastic section modulus 2 of a I-beam are divided into three pieces 21， 
22 and 23 as Fig. 6. 
As every element is the rectangular section， the values of 21> 22 and 23 are 
shown as follows. 
21 = bd2/4， 22 = bd2/4， 23 = wd?;，j4 
子山山 jド
Fig. 6. Plastic Section Modulus of a l-B巴am.
Then， 
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MjMy = ZjS-(wj3) (σ;jEZifiS) 
= ZjS-(wd2j12S) (ι1O)2 = f-(ωd2j12S) 
However， (18) 
(dj2) / {(dj2) -1}くり/恥<∞





In the case of a I-section， the moment of a beam goes rapidly near the 
ultimate moment Mp than the case of a rectangular section. 
Namely， the excess strength of a I-beam decreases rapidly after the yielding 
of its total， not only outside surface， :flanges. 
c. Theoretical Solutions of a Bended I-Beam with Axial Forcel2) 
Referring Fig. 7， the present writer shows explanatively the theoretical foト
mulae of plastic moments and stress intensities of I-beams. 
By the value's ratio of the bending moment M and the axial force N， the 
behavior of I-beams is classified in the two cases that the neutral axis exists 
within the web plate or the :flange. 
i. The Case of a I-Beam with Neutral Axis Existing within Its Web Plate 
From the stress distribution of the ultimate moment of Fig. 7， 
N= ¥ adA =σy(2w仇)
.JA 
Nyc口町(Af+A，o)









And the plastic moment Mpσ of a beam with the axial force is shown as 




Fig. 7. I-Beam with Bending Moment and Axial Force， 
Case 1 (Neutral Axis within Web Plate). 
(201) 
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By putting Yo of the formula (21) into (23)， the next formula is got. 
Mpc/Mp = l-{(N/凡)(1十At/Aw)y{l/(l
Presuming from the elastic theory， the elastic-plastic stress intensity of a 
1-beam with the plastic section modulus Z is shown as the next formula. 
σ= Np/(Af十A，c)土Mpc/Z (25) 
i. The Case of a 1-Beam with Neutral Axis Existing within 1ts Flange 
The neutral axis movement of a 1-beam grows larger in proportion as the 
magnitude of its axial force and its neutral axis go目 onmoving within its sange 
at last. 
The formula (24) or (25) may be applied when its neutral axis exists within 
its web plate， but the special relation of the bending moment and the axial force 
is induced from the stress distribution of Fig. 8. 
Then， from Fig. 8， 
N=σy[ Aw + At{ 1-2i1/(d-ι)}]九 ο=σν(Au，+Af)
Therforε， 
N/N，肘=[1十(Aj/A，o){1一刻(d-dw)}]!(l十"1r/Aw) (27) 
M"c=(σyAf/2) 2i1(d-i1)/(d-dw)， M1J =σy(Afdj/2十Awdw/4)
(26) 
Therefore， 
MpjMp = {2i1(d-i1)/(d ι)}!(df十ん叫ん) (28) 
Fig. 8. I-Beam with Bending Moment and Axial Force， 
Case II (Neutral Axis within Flange). 
(202) 
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Eliminating L1 from the formulae (27) and (29)， 
Mpc/机=[(材ι)/{1+(1十d/dw)(At/Aw)}] 
x[Aj/A叩一{(N/Nyc)(1 + Aj/A，v)-l}] 
(29) 
(30) 
Or， applying the plastic section modulus Z and the total sectional area A， 
Mpr/!vIp = (A/沼 )(l-N/凡){d-(A/2b) (l-N/Nyc)} (31) 
Generally it may be certi五edthat the average value of dj/d，" or d/d叩 ln
1 steel beams is nearlyア L05or L10 and these values are applied in the calcula-
tion of 1 steel beams. 
Then when the axial force N is zero， !vlpc becomes equal to Mp， and when 
the bending moment Mp is zero， N becomes properly equal to N p • 
IV. Comparison of Experimental Results and 
Theoretical Values 
Fig. 9， Fig. 10， Fig. 11 and Fig. 12 show severally the distribution curves of 
sectional stress intensities within a elastic limit， the Load-Strain Curves of the 
elastic and plastic behaviors at the principal points of the upper and lower flanges 
and the web plate and the Load-Deflection Curves of the elastic and plastic 
behaviors at the centre of span. 
V. Conclusion 
1. The present writer could certify that from the view point of the distribu-
tion curves of sectional stress intensities， the Load-Strain Curves of the principal 
points and the Load-Deflection Curves of the span centre， every experimental 
result agrees almost to its corresponding theoretical value and that the elastic 
beam theory is generally right. 
2. He could also confirm that in the plastic domain and the special extent 
of the elastic-plastic shifting process the experimental Load-Strain Curves of the 
principal points and the experimental Load-Deflection Curves of the span centre 
get both approximately near their corresponding theoretical ones， but he felt 
keenly that the elastic-plastic beam theory are considerably imperfect judging from 
the comparison of theoretical rough values and experimental scrupulous results. 
3. 1t was confirmed that the experimental process from the yielding load to 
(203) 
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Fig. 9. Distributions of Bending Stress Intensitiesσx in the Elastic 
Domain of 1 Steel Beams (Measured Points x = 1/2， Loads 
p= 1 t， 3 t， 6 t， 15 t). 
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the ultimate load approaches indicatively to the corresponding theoretical process 
and the present writer could also confirm that the ultimate strengths of 1 steel 
beams agree nearly to the ones of steel materials in the standard test14). 
4. It was also certi五edthat the distribution curves of sectional stress inten-
sities and the Load-Strain Curves of the principal points in the FCお1{-41steel-
mounted I-beams are more excellent than those in the SS-41 steel-mounted ones. 
5. The present writer could lastly confirm that the magnitude of an axial 
tensile force N in the 1 steel beams hinge-fixedly supported on both the ends 
changes remarkably by the ratio of a sectional area A to a span I-Ajl， namely-N 
decreases so much more as Aj l increases. 
(205) 
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Flg. 11.叫Load-StrainCurves on the Principal Points (No. 9， 11， 13， 16， 
17， 18， 20) of Lower Flanges and Web Plates in the Elastic 
and Plastic Behaviors of 1 Steel Beams (Measured Points 
x=lj2). 
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Fig. 12. Load-Defiection Curves of the Span C巴ntrein the Elastic 
and Plastic Bending-Behaviors of 1 Steel Beams. 
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lsosceles Triangular Plate Under Uniform 
Bending Moment 
Sumio G. Nomachi and Kenichi Matsuoka 
Abstract 
Making use of the complex function often leads us to the solution of explicit form for the 
various problems in the field of mathematical physics. It is same with the bending problem of 
the thin plate， and many investigators found the solutions of explicit form for the peculiar case 
of the thin plate， which could otherwise hardly be obtained. In this paper， a new method of 
solving the bending of simply supported isosceles triangular plate under uniform bending moment 
by means of the complex function， ispresented. The solution of explicit form is given to the 
right isosceles triangular plate under uniform bending moment. 
1. Fundamental Equation 
The bending of plate is governed by the equations as follows; 
Aw=-MjD， 
AM=-q， 
where w: deflection of the plate， 
M = (Mx + My)j(l竹)， 
I a2w a2ω¥ M，= 一 DI-';;--'::~-+ ν~，，_-; 1 ¥ ax2 ，~ aγ/ 
I a2w a1w ¥ 
M包=一DI~，，_~;十ν|¥りν ax2) 
D = Eh3j12(1-，})， 
h: thickness of the plate， 
νPoison's ratio. 






The symbolic notation A denotes the harmonic differentiation: 。2 a2 a2 




and the equation (1) becomes 
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which yields for the constant M 
切=-JZ蜘 FAJ+手Anzn (4 ) 
2. Boundary Conditions 
Am瓦nin the equation (4)， are the integration constants which should be 
determined so as to satisfy the boundary conditions. Choosing the isosceles 
triangle as shown in Fig. 1， and supposing al sides are simply supported and 
bent by the moment M， we may write that the deflection vanishes at the edge 
x=O， as 
for z+芝=0ω=0，




Thus， we have 
Aη十An(-l)n=o， (nキ2)
A2+ Az = -M/(4D)， 
Aη-An=O， 
from which n has to be an odd integer and An is always rea1. 





( = z(l-mi)-a ， m=a/b. 
Thus， the simply supported condition at the above edge is expressed by 





( 9 ) 
(10) 
(11) 
According to the symmetry with respect to the x axis，ωis also cancelled along 
the line AC. 
The substitution of the equation (11) into the equation (4)， yields 
lv[ ((+a)(E+a) . '"Af (!". ¥n!'. '¥n. !c，. \~" .¥_1 
ω=-4D寸 i千両 +ド社((+昨(1+mi)叫(ご+α)π(l-mi)ηf'
where 
A~ = An/(l+mヤ， n = 1， 3， 5， ・・
Putting t:= -( into the above， we have from the equation (10) 
(210) 
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写 A~{(川)匁(1 十 mi)叫 (α一か(l-mi)n}
+A2(2(d C2) 広+α戸(1+mi)2 ， ((-a)2(1 一川~~
l (1+記ア+一 (1'+m2) +一寸I工商τ-f=
which follows that 
(12) 
A;，=O， for n>3， 
as well as 
Af[仙紙2)山 m2)一川(+(3)(3m-m3)] 
十143Fl(GZ+ぴ)(1-m2)-4似+(1 +m2) (a2ーと十A~(a一 (mi) = 0 









A3 = -A2j(32a) ， m2=3， ん=-Mj(8D)，
and 
w=ん日+2zz)一会山3)ー キ(山)， (13) 
which is the solution of the equi-lateral triangular plate and identical with what 
S. W oinowsky.刷Kriegerfound out. 
3. Linear Transform 
Let 
z = x+zcy， (14) 
and 。2W 1 d2w 1 d2ω¥ 
4azd言ニ同十と正副， (15) !，1ft" 
(+と=x+cmy-a.
The replacement of z by x + icγinto the 
equation (13)， yields the deflection of another 
isosceles triangular plate under another dis圃





d2w d2w . r ，~ 1. 1 ¥ d2w 
Vd;; + -"d1I = -Mj D + ~1-;2) Vd;; ， 
(211) 
Fig. 2. 
212 Sumio G. Nomachi and Ken'ichi Matsuoka 
into which putting 
we have 
。2W eiw a2w ~ a2w 
一一一一+一一一一c2ay2 - az2 1 a'，2  '- aza芝'
。2W a2w 1+c2 M Mx(1-c2) 
一一一一一一一一一-ax2 1 ay2 - 2 D 16αD (16) 
the right side of which is the distribution of M corresponding to the transforma-
tion mentioned above. 










So that the de自ectionw takes the follwing form : 
l J.. (_ ，o:¥2 ap (_ ，o:¥ P ...2 
ZU tj汐(叶乏yーす(叶'，2)一石川zー が(叶芝)一面(叶芝)3
(18) 
and the corresponding M is expressed by 
M=一均{1十f(m2-3):) (19) 
Cancelling the term of x/αbetween the right side of (16) and (19)， we have 
2Dp(m2-3) -M(1-c2)/(16) = 0， (20) 
in which m is' an index of the triangle and must be given as to equate the both 
triangular shape， namely; m 2 =3/c2 • 
5. Solution for Isosceles Triangular Plate 
Writing the right side of the equation (14)， we have 
2(x十icy)= z(l十c)十乏(l-c)，
(212) 
Isosceles Triangular Plate Under Uniform Bending乱10ment 213 
which is substituted for z into (13)， the expression of the deflection of the trans幽
formed triangular plate may be obtaind. Thus， we五nallycome to the deflection 
by the supperposition of the both results with the relation (20)， as follows : 










On Stress Analysis of a Wide Box Girder with Multiple 
Diaphragms of Rigid Framed Truss 
Sumio G. Nomachi and Kenichi Matsuoka 
Abstract 
In this paper， the stress analysis of the wide box girder with multiple diaphragms of the 
trussed rigid frame， isdealt with by means of the folded plate theory. Throughout the discussion， 
it is assumed that the diaphragms are so五xedas to pretend them as an equivalent continuity 
matter in the spanwise direction， and the frame work of the diaphragm surrounding the truss is 
too rigid to neglect its axial elongation. So doing， the foundamental di妊erenceequations corre-
sponding to the equilibrium of forces at the joint， are introduced. Then， Finite Integration 
Transforms are applied to those equations. The numerical calculation lead to the conclution that 
this type of diaphragm has enough action for distributing the external load， enough resistance 







り多くはないが， 本論文は， この形式をとりあげ， 析板理論を適用して解析を試みたもので
ある。
解析にあたっては， 次の仮定を設ける。 1)ダイヤフラムは， 径間方向に平均化された連
続体とみなす。 2)箱部材とトラスの結合は，ピン結合とする。 3)フランジの幅員方向の変形













ふ '1"+1・ 部材 r.r十1の r点における法線力
Xr.r+1 : 部材 r.r十1の r格点軌まわりの曲げモーメントによるせん断力
MT: f 格点の格点軸まわりの曲げモーメント
Tr 川 1: 部材 7・r+lの r点におけるせん断力
































T，・， 1= N(2iHiir+l)+GtV-Gt(Uγ-ur+l)/b 
T，••γtl=N(仏+2ur十 I)+Gtv十 Gt(仇 -Ûr 1)/b 
上式中






り η1 .:_ 
f(x) =竺L:B.z [f(X)] sinぞトz






( 1 ) 
(2) 
(3 ) 







ただし， f1f(x)=f(x十l)-f(x)，f1 f( x -~ ) = f(叶わ-f(x-~)， D.>=2(1 ∞s与)
5. 格点における力のつり合
格点 rにおける力のつり合は， 図-3から
Tγ.r+l+ Trザ 1= 0 
Xr.r十l-Xγ';'--1十(S，.，→γ十Sr'r1--'b:')COSθ = -Pr 


















X告，.~， -Xγ 。，ー (So 寺'十 SH:') cos ()= 0 
Sγ .~ ， -S告人0' 十 (S].t ， -So....)sin() = 0 
また， トラスの部材力 S川、F十吾" S，マ'告'は，
EA" r" ，. n.' n 1 ぺ， -ゴ土!(ザー吋 Sln州ルォ，一切れ08() I 
EAd L f¥' n ， ( f) 1 ぺヴム!(v-v') sin朴 (Wr'--!-'-Wr)COS () I 
さらtこ，
X，._， 1 = X，....lγzj(MU1-MT) 
6EI '" M，.ー1十4Mγ十MTTl=-zrdZZUγl 
(12)， (13)， (15)および (16)式に (4)，(5)式および (21)-(23)式を代入して，
Gt N(印十LJ2仏 1)+'b" LJ27>んー 1=0
Gt' N'(6U山岳，+LJ2ur，γ)+-F dzd，，告， =0
EA" z-42Mγ 1寸一一工'.'!__COS2θ(ω?叫昔，-2w，目十τV'r'一昔，)=-P，.
EA" b LJ2Mr，-t， + ~i一 COs2θ(叫十1-2w".，+!， 十叫)=0


























-'b (MÜ' -Mt，)十 b M吾 ， -M~I)一 -1-c082θ(Wl-2w長十ω。)=0 (32) 
6EI' ， 12EI' M吾，十3Mt，+玄 MO'十 ~b2~ (ω吾，-wす)一lT一(ω昔，-wo)ニ O (33) 









= {子-N(引い (34) 
{N'(子Y(6-D什号~ Di}H.[Ur'+'I:'明]
(2Gt' N' (mπ¥21 . ri (. ，." • 1 =~一一一一一一ト;'" ) f sin ~ "_ ~酌.時一 (-l)i 恥，."， fI b 2 ¥ 1J IU""" 2n 1~U' .m ¥ ~I ~"""'I (35) 
aχ円¥品、 lπ1 __ c ~ c .1 すDi8i[風情ト三マ旦∞S2θ{∞s ~~_~ Hi[wrl-l吾，."，]-8.[ん])
1 ~n 1 
=九明-tsin与{(一川r 風情) (36) 
2EA'l • n ( πi c1 r __ 1 TT r __ 1 b D~IL置い T す・明]一一-z-cOS20{cos ス'..8i [Wr.m] -IL [Wr'十吾'明H
1 ~n -1 
( .. ， .. 1， EAa • n (___ ，，"-_. I 
=1戸ln夜間叫一(町民間t+づー∞S2θ jwo.m一 1)iW"."， t sinz;Z 
(37) 
6EI ~ ~ c. ri (， ." __ __ 1 




6EI' ~ __ c ， 1 7ri f; "-1.... ... I 
(6-Di)Hd抵，中畑]- ~b2~ DiHd叫号'明]=γlnzzi(一げM，川 -M…j
12EI' πi L _" 1 -1「 mEzi(一町ん-WO叶 (39) 





A n-l ∞，.，..，，，_ ."" 
f人=一["~ )~， Si [urom] sinう二 z-sin7rnl i~l 制 ~1
A n-l ∞ ?冗サ i7r ( 1 ¥ 
itr， +f' =子主主主1He[詑日10m]sin 'z" x'sin .~ v-+玄)
(41) 十(-1)γ会主l凪 [Url十叫
(42) 
1 n-l ∞ 
叫 =irZ Z Se[即日ぁ]sin m，7r x. sin 竿-r，ι i=l勿る=1 " Iι 
止 ?ι1∞刑T 什( 1 ¥ 
叫 Fト号1-云[i~l mL:1 Hi [Wrl中 m]sinラニz-sin-7V+互)
十会(-廿lE肌 (43) 
(44) 
Ij n-l ∞ 
M，zL221mMLJ51n今日'slnう7r
A n-l ∞机.~ .押 I 1 ¥ 























XO・I+S0・v十SO'}'COS {} = -P，。
SO'I-XO・0'十So・吾， sin{} = 0 
0'点で
To'，o+ To'，}， = 0 
Xo'・吾，-So'，o= 0 
Xo'.o+SO'・圭，-0， 
(46)， (49)式に， (4)， (5)式を代入すると，
凡川川(υ仰2却佼川0け十吋佼0')十崎Gωt九似0同rω十一Iず旦(似dい0-一イUO')川十叫叫N(伽抜+位1)印)口子
Gto f_"， _"， ¥ ， N' No(2io'十説。)-Gtow十一五一 (Uo-Uo')+T(2io，+iit，) 






また， (47)， (50) 式に (21)~(23) 式を代入し整理すると，



















水平方向力のつり合式， (14)， (48)および n点におけるつり合も考慮して，
So・1十S12-S10十S23-S21十・・ー +Sr.r+l-Sr十1・T十・・・+Sn-l'n-Sn-lη 2-Sn.n-l 
n-l 






，E(S…1-Sr'r川 0.1一九 1=寸勺osO.sin伽 o一向)
q明EA" ." n' ". 1 十一-74siI12θ(vーが)十h(ぬ十品，-Mn-M..，)
一方 (3)式から
L: (Sr.r十1-Sr+1・r)= nGtb0+Gt(un-uo) 
2nEAd .? nl 1¥ EAd nGtbト -715iI12θ(v一約一ーァ cos0・s1nθ(Wo-wn)-Gt(tin-tio)
-土偶+机，-Mn-Mn，)= 0 (58) 
(17)， (51)およびが点のつり合式と (3)式から同様にして
2nEAa I "EAa nGt'bIJ'十一-74(uーが)一一三一 cos0・s1nθ(W，.-wo)+Gt'(れ，-I!川
十士川十Mo，-j比 (59) 
(58)， (59)式をフーリェ変換すると，
nGt( ".;-1 +プ山}V隅 -781~JcoshinO(UO間{ 引2山 山a . 9. n _-' ， EA 
-Wn.m)寸(叫け風切る-Mn.m， - Mnl.'ln，)十Gt(u…-uo.m)= 0 慣例
2nEAa _'._2 n_. L_"， ( mπ¥2， 2nEAl ・ 2nl _. I EA 一-745iI12θV，一)nG'¥T) 十一...~. .U sin" 0t V~-ーす2L cosθsin O(Wn. 
一九)+士(Moけ風情-M…一風情)十Gt'(ん -UO"m)= 0 (61) 
また，変位と曲げモーメントの関係は，
O点で
b "'-， ，.，( b ， h ¥ "'- h.A ， CT:'( W1-WO V-V' ¥ I M1十217+7rMo-7Mv+6E(-7--r)zO(62) 
0'点で
! h b ¥ . r b. r • _ ~ (2 ， ， • v-v' 1 
Io Mo+2~ Io+ 2I'-) M，け2I'Mt，+6E 1;(Wt'-WO)+~-f = 0 (臼)
n， n'点においても，同様にして， (54)， (5)， (57)， (62)， (63)と同等の式が求められる。
一{2仙川)(子)¥千十字)んー い(今Y+乎)恥，同一





ω 十一一COS十)ド初 一了∞山s{Ctoh(~π)y 2EAd20EAd l J' I A '-V" V 1 ~n'm 
-竿ιcosO'sin O( 
(66) 
(b . h ¥ ，_. h H ，rp( V-V' ωn-Wn-l ¥ 
': Mn-.1+2 iー十 l Mn --"i-M.η，十 6E(~τ一一一一τ'n-' ) = 0 1 I ~ ¥ 1 ' 10) HLn 10 --" ， ~~ ¥ h b / 
b.~ ，(h b ¥，_，. h ，_. ''''0(v-'O' 2 1... _" ¥1 bMη，γ十2(1
0





rl mπ ， 
Wo明 =1WOBIn-7zaz，
上式中，
U地=): v sin苧 xdx，
Uo明=~: Uo sin今，7r_xdx， 
机=):凡sin与ゅ，













n i=l .<.Jlf; '" 
リ匁 1 . 1π 
Un寸刑 = - ~ L: (-l)i Si [Ur.m] sin i~l n 
誌が吾川=一七百(-1)叫ん'.mlsinι す(-l)nHn仙寺I.m]，



































































































































































































































































































































断面の諸数値は，n=4， t=2.12cm， t'=1.5cm， また，モデ、ル化した断面は図-5に示す。
to= 0.9 cm， b=283.75 cm， h=193.4 cm， 1二113.6667cm5， l'二38.061111cm4， 10二28.2639cm¥ 
夕、、イヤブラムとしてのトラストラーメンのこの他，.4，=0.06661111 cm2， l=7000 cmである。
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一-Ad=O、0666Cm2 
--- Ad=Oβ/ Cm2 
-0，6 
(x/0-2PJ JX分布 aJ


















































立方程式を 4元の連立方程式2{凡 8元の連立方程式 2元の連立方程式に分割することが
できるので，電子計算機の存量，計算時間とも，格段に少なくすることができる。
なお， 数値計算は， 本学電子工学科の電子計算機 FACOM-270-20で行なったもので
あ る。¥昭和45年5月20日受理)
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Studies of Engine Exhaust Gas on Air Pollution IV 
The Wall Temperature in Combustion Chamber 
affecting Exhaust Gas Composition 
Mitsuru Akagi and Minoru Tsukahara 
Abstract 
Hydrocarbon， carbon rnonoxide and nitric oxide which are found in the spark-ignition engine 
exhaust are undesirable rnatter for air pollution， and are reverse to econorny of fuel and engine 
performance. 
In the previous paper， we have reported on the effect of th巴 surface-volumeratio of combus-
tion chamber on the exhaust hydrocarbon concentration. It is clear frorn the above results that 
sorne of the fuel is not burned in the combustion chamber because of quenching of the丑ameat 
the relati、relycool walls. 
We report the results of some rneasurements on the effect of the丑arnequenching on the 






















容器中央部に 0.2sVmmのグロメル・アノレメノレ熱電対によって測定し，いずれも 2ベンレコー 夕、、
ーに記録し，温度が安定した状態で実験を行なった。







図 1 模型燃焼空荷量 図-2 実験装置
II-2 実験条件の設定
燃料は市販 LPGを使用し，その成分割合はガスクロマトグラブィで分析した。それより




A ， Pー /Pt < ¥ ":_ =~ k・""一二 hトヱ -11F "P p '" ¥ P p ~ ) 
k =!!_1哩一、 Pt=P，+P恰
Uα4 

















































Exllaudgas (hydrocarbon) A 
DOP 30% (5Pmm x2m) 守
#24(}m//m/!I‘40r 
F1 D H2 45ml/(7);n 
喜~8
char.tii7tl<εsstm?2，匂
sensitiv/ty ‘!日'7 """1 
attenllater' ~を












































2 oxy;jen， nitrogen 
3 carbon monoxide -l 
J 
7 
Exliaust gas (;I7organicgas) 
activated cαrbon (5φmmx2mJ 
He 50ml/min 50"C 



































に抽出したガス程， HC 濃度が高いという報告6) と一致する。これは排気の初期においては燃
(232) 




05 10 15 ?O 
ガスサ~7"Æ抽出量(%) 官二/!jλ丘t!(匂A1n





























































る。空燃比が リーンおよび リッチになるとともにこの割合は高くなるが， リッ チ側では分解成
分が多く含まれ，リーン側で、は未反応成分が多く含まれていることが， 分解成分濃度割合の曲
線より分る。


































































o 50 100 150 
1ft! ;'Jl O( 
図-15 各炭化水素成分濃度におよほす壁温の影響
(236) 





































j ~ j j A 
図 17 燃焼圧力線図
(237) 
6 t6 /8 20 
図-18 空燃比と燃焼最高圧力
2，38 赤木盈・塚原実
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A Study on the Improvement of Combustion and Exhaust Gas 
in the Internal Combustion Engine (1st Report) 
Shigenol:】uHayashi and Norihiro Sawa 
Abstract 
To examine in detail the fundamental characteristic and construction of the combustion-自ame
propagation， the mechanism of the growth of carbon， the authors have experimentally taken the 
photograph of flame propagation and measured Hydrocarbon gas， Co gas， changing the various 
factors with constant volume combustion chamber and crankcase compressed two stroke cycle 
engme 












































































































































































燃料成分 l燃即日;;用INo. 3 Jtl 
フロノ之ン 72.7 72.7 
イソブタン 13.4 13.0 
フロピレン 4.2 。
正ブタン 2.6 11.3 
フチレン 3.4 1 
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vi) 11!F=24.4の場合， i濃淡は少々まだらであるがう 隆色に(1っぽい黄色の火炎で14=1心部












































































































図 12 燃焼時間と A/F
播速度は封入庄力 (F'.t)によってあまり変わらないので， 火炎が 1/3l， 2/3lおよび J点に到達










































































紺話 'J.8ol( A/f， 24.4-
j，yy.，_ 
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内燃機関の燃焼と排出ガスの改善に関する研究(第 1報) 249 
まる。この方法で、求めた火炎伝播速度 (Of)および燃焼速度 (Oo)を図 17に示す。凶-17(a)に
Pi二 1.2kgjcm2の場合における ηjrと火炎伝播速度 (Of)と燃焼速度(町)を示しているが，閃
によると，火炎面が燃焼容器壁面に近づくと (ηケヰ1)火炎速度(吋は急激に減速し，その減
速度合は宅燃比が理論値 (AjF = 21.84)に近い AjF=19.4の場合に最大で以下 AjF=24.4，12 
の1慎になっている。 これに対して，燃焼速度 (τ匂)は明燃比 (AjF)によって変わるが位置 hjr)
には関係なくほぼ一定値を示し壁面のごく近傍においてのみ僅かに減速される。
この燃焼速度 ('l弘)が一定値となることをマラーノレール・シャトウリェの式
口 k To- T，o 1 、 一一-
Uu一 ρu'CjJ T.乞σ-1'1ι Xo
で考えてみると，火炎面が壁面に近づくにつれて未燃ガス密度〈ρ心は増加する。一方，未燃ガ












ii) 網目を通過した後の燃焼速度 (Vb)の最大値はほとんどの場合，嗣径 d=9.8cmのもの
が最高であり，火炎伝描速度 (Vf)の最大値は空燃比によって変わり ，AjF=24.4の場

































































実用機関にも適用できることを示した W.A. Danielの実験結果や， かかる消炎理論の適用を







































(水素圧力 0.6kgjcm2，県気応力 2kgjcm2) として相対面積比較法を採用ピーク面積は半幅値法
によって求めた。
なお，設定空燃比は次式から算出した。
1 (P ，¥ Rp 
F ¥P-P.。つ Rα (3 ) 
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ここに，.1jF:空燃比， V'l: {ドj炎領域の休積，V:体積 T:燃焼ガス生成温度， Tq: ìl~ 
炎領域のガス温度で与えられる。 しかし本実験に用いた円向型燃焼容器においては，




岳民(F : A )-q，'( ~)(去)= (F:f1 ).qa.(十i)(去) (6) 
ここに， qrt:消炎距離フ S:表面積，L:燃焼室高さである。
また， Friedman5) は空気過剰率，{ =0.7~ 1.3 のプロパンー宅気混合気に対して，消炎距離
(q!l)を次式で与えている。
q仇!lα」77.(川Tρ(Pq) (7 ) 
ここに， α ， ß は空燃比の関数で α=0.8~0.96， (8=U)~0.49 の実験値を報告している。
したがって (6)および (7)式から
-g~= (Ttx) (去)α(Js 1.(会トι)(T) ( 6 )' 
となり， 未燃炭化水素ーの発生量 (G1)に影響する因子として空燃比 (AjF)，燃焼器の表面積 (S)









燃焼容器 No.3(V=502ムSjV=1.05)，混合気の封入圧力 lTlfl 












o 2u A伊 40
図-20 HC(ppm)とil/F
面温度および燃焼圧力が実用機関の場合よりもかなり低いにもかかわらず均一混合気の燃焼で






















































混合気の封入圧力 (Pi)によって燃焼最高圧力 (P明)および最高温度 (T.明)も変わる。すな
わち
九 =Fi(号)od= Pi(ヰvQ)。
ここに， d:モノレ数の変化， Q:混合気 1kg当たりの発熱量で、ある。いま，{Jiりに P'lヰ I弘，
Tqoc T川 T二子 Tmと近似すると，炭化水素の発生量 (Gz)は規準状態(添字0)との比で示すと
(GzlGN) r p乞o(Tm)Ti)odo)" ._ ( PiO ¥α 一(-= {一一一一~U ;" f ~ ( A';") (8 ) (GzlGN)o l Pi(Tm)Ti) O J -0 ¥ Pi ) 
の関係が与えられる。しかし本実験では図-22および図-23に
示すように (Gz/GN)/(Gz/GN)。キ(PiO/Pi)O.5となっている。 この指
数0.5は Friedmanの実験値 (0.8~ 0.9)よりも小さいが， これ
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(Gz/GN) .!_. f (S/V)ド
(Gz/GN)o . l (S/V)o J (10) 
で与えられる。しかるに，実験値は必ずしも計算値とは一致せ
































内燃機関の燃焼と排出ガスの改善に関する研究(第 l報) 257 
ざア14λ).(手).(去ts仰十Fα (;f's)十(匁仰1去)川 (11) 
の関係が導びかれる。上式から炭化水素に及ぼす諸因子，すなわち燃空比 (F/F+A)，吸込条件























行 程 体 積 246 cc 
最 大 出 力 18.5 ps/6000 rpm 
最大トノレク 2.36 kg.m/5000 rpm 
圧 縮 比 6.6 
占 火 時 期 上死点前210






























λcl 4'兵 法二日 神広場所 と(11)式から導びかれる結論と定性的に一致
図-29 排気抽出場所の影響 し，燃焼ガス平均温度 (Tp) がたかくなるほと
炭化水素濃度 (HCppm)はほぼ直線的に減少している。いま，最高温度 (T哨)の代わりに燃焼
がないため，比例関係にあると考えられる測温
ガス平均温度 (Tp)および実験値 tp=2000Cにおける炭化水素濃度 5200ppmを基準とし， (11) 





















































































































































































































意を表します。 (昭和 45年 5月20日受理)
(262) 
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Experiments in High Speed Impact Tensile Test 
of the Steel (Report 1) 
Masachika Naito， Kouhei Hamad乱 andNorihiro Henmi 
Abstract 
Studies on the behaviours of materials under impulsive loading or under high rate of strain， 
which affects remarkably the slrength and the deformation charact巴ristics，are not only theo代田
tically interesting but also important for practical purposes. The present authors designed and 
installed a high speed impact tensile testing machine with a large rotary disk， by which the 
testing speed up to 150 m/s couid be obtained. 
In this paper， the methods of mesuring of impact stresses were examined ancl impact tensile 




















①回転円板 ②中間円板 ③爪 ④タップ，ヨーク ⑤ヨーク打上げ装置 ⑤主軸受
⑦主 軸 ⑧副軸受⑨変速歯車 ⑬変速歯車軸受 @回転数検出向板 @カップリング
⑧変速機 @エンジン ⑮ロー ドセノレ ⑬アンピノレ ⑪アンビソレ移動レーノレ⑮試験片






































。<0.8L/C+0.5μS (1 ) 




!c・T合圭干0.35 (2 ) 
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図-4 際準試験片 図-5 衝撃試験片
表--3 試料試験成績表






炭素鋼の衝撃引張に関する実験 (第 1報) 269 
IV. 測定結果及び考察









図 6・1 V =5 mjsec 
t: 500μSjcm 
図 6・3 Vニ20mjsec 
t: 100μSjcm 
図 6・5 V=40mjsec 
t: 50μSjcm 
(269) 
図-6・2 V= 10 mjsec 
t:氷)0μSjcm
図 6・4 V=30m/sec 
t: 10011 Sjcm 







以との結果より，荷重の測定は段付部で行なった。測定された波形のうち S15 C， S 50 C 
図-7・1 S 15 C V=5 m/sec 
t: 500μS/cm 
図 7・3 S 15C Vニ 10m/sec 
t: 200μS/cm 
図 7・5 S 15 C V = 20 mjsec 
t: 100μS/cm 
図-7・7 S 15C Vニ40m/s
t: 50μS/cm 
(270) 
図 7・2 S50C V=5m!sec 
t: 500μS/cm 
図一7・4 S50C V=lOm/sec 
t: 200μS/cm 
図 7・6 S15C V=20m/sec 
t: 100 i" S/cm 
図-7・8 S50C V=40mjs 
t: 50，u S/cm 
以来f同の(釘t限引張にfl&1する実験 (第 1以1 271 
の熱処理材ν衝撃速度 5m/sec -40 m/sec までの波形を図-7に示す。この様な波形より，最大
荷電をl沈み取った。なお最大荷重としてラ波形の最も高L、所の振動の平均を用いた。これらよ
りi1l]撃速度と最大応力との関係を凶 8に示す。 この閃からわかるように， 衝撃速度の治加と
共に最大応力も消加 L，静荷車にくらべて 16~43% 増加がみられる。
ヌラ衝撃速度と伸u<の関係については図-9に示す。今担!の実験の範凹]では， 各材料共，
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街撃速度 m/Sec
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On the E妊ectsof Submerged Body Shapes 
on Cavitation Occurrence Part 2. 
Ky6kai Okuda， Takeshi Kaihoko， Yukio Matsuo 
and Hisayoshi Ichiba 
Abstract 
The authors present the experimental results of the e妊ectson cavitation occurrence by 
changing the shapes of hydrofoils (NACA 2:~012， Joukowsky， Bisector-hydrofoil). The experiments 
are carried out in the cavitation tunnel with the 70 x 190 mm test section in the Fluid Mechanics 
Laboratory of the Muroran Institute of Technology. 
The main results of the experiments are as follows: 
a) The cavitation occurrence cliagrams are presentecl， which include incipient cavitation {actor 
Ki， attack angle日 andratio of cavitation cloud length A to chord 1. 
h) Relations among K;， fY ancl 2/t about the three hydrofoils are clari五町1.
1. まえがき
昨年発表された第 1報に引き続いて，本報告では数種の代表的な翼型， すなわち NACA
23012， Joukowsky翼， 9.3%欠円翼に関して，流速 7m/s~10 m/s，迎え角一20~ 十 80，キャ




実験に使用した供試翼は NACA23012， Joukowsky翼， 9.3%欠円翼でその形状および寸
断什十十件よい 叫 II I I 1-1-よiI ...-一一一一--





































実験は迎え角 αを 2"から +80まで 10刻みで変化させ，流速を 7m/s~10 m/sの範囲内
で一定に保ち水圧を低下させ，キャビテーションの初生成長を観測したが，結果の整理にはキ
ャビテーション係数Kを用いた。
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第3図 NACA23012翼 v=7m/s 
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第5図 Joukowsky翼 v=7m/s 
60 .10% )，口元
Joukowsky翼 v=lOm/s 
第7図 9.3%欠円翼 v=7 m/s 
(276) 
物体形のキャピテーシン発生におよぼす影響について 第2報 277 
第8図 9.3%欠円翼下=10m/s 
いるのに比し， 9.3%欠円翼では +30以下では翼の背面， 弦長の 30-40%の所で発生してい
て(第7-8図中記号IIIの領域)迎え角 αが +40 以上になると発生位置が背面先端へと移動す
る。第3-8図によると NACA23012翼の場合， 迎え角 αがO。の時キャピテーションに対す
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第9函 第10図
(27) 








3 迎え角 α一成長度 i./l































第13図 9.3%欠円翼 v==7 m/s 
2.4 0.4 ρ3 
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On the Effects of Submerged Body Shapes 
on Cavitation Occurrence Part 3. 
Kyokai Okuda， Takeshi Kaihoko， Michio Hayakawa 
and Hisayoshi Ichiba 
Abstract 
The authors present the experimental results of cavitation about the symmetrical blsector-
hydrofoils， of which thickness ratios are 0.133-0.453. 
The experiments are carried out on the test condition of 7-12 m/sec丑owvelocities and 00-120 
attack angles. 
The main results of the experiments are as follows: 
a) The incipient cavitation factors K包 arealways larger than the theoretical minimum pres-
sure coefficients Cpmin・
b) The following experimental formula is vari五ed:
K. = Cpmin十AjV2，
where A is the constant and V is the flow velocity. 
c) Selecting attack angle a and s (angle between leading edg巴 tangentand flow direction) as 












































翼名正?し 7 r β。 T/L /ゾβ s;β。
No.l 75 70 14ろJ1/5.2 0.13 3.32 0169 
No.2 75 /4 (03.9 21.5 0(87 2.77 02351 
No.3 75 22 69.4 327 02'守51.35 03641 
No.4 75 30 54.4 456 0400 /45 0434 
NO.5 75 34 49.守48.8 0453 1.3 0.542 
図-1
























































図 4に見られる翼厚さの違いによる K乞の差はほとんそれを図 6に示す。 i可変数によって，
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ただし Cpmin: 理論値， A: 定数
次に迎え角を変化させた場合については，
6) 迎え角 αの違いにより， 2種の異なる型のキャビテーションが発生する。
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On the Piezoelectric Characteristic of Barium Titanate 
(BaTi03) Ceramic exhibited when it is given 
an Impact (2nd report) 
Keitaro Orikasa， Yuzuru Kubota and Masakatsu Takasu 
Abstract 
In the first report， we described that there is the linearity betw臼 nimpact load and output 
voltage of the BaTi03 ceramic piezoeJectric eJement 
In this report， both of the reJations are cJari五edwhen the surrounding temperature is varied 
and when the static load previousJy is given to the BaTi03・ AJsowe try the analysis of relation 
between th巴 trasmissionsof stress wave 出ldpiezoelectric ァave. And also， the Jinearity is kept in 





















三つの装置についての実験を，それぞれ実験 1，Iおよび実験 IIとする。実験 Iでは温度
特性，実験Iでは静圧特性，実験 IIでは応力伝播波形を調べるための装置として改良した。












チタン酸ノミりウム磁蒋の衝撃に対する圧電特性 (第2報) 289 
コ:己採
発Yelλチ臼づレ
450 -~--~--: 490 
図-2 落鐙式衝撃試験機 (1) 図-3 落錘式伎撃試験機 (2)





























川町叩…叩つマ L;E:n <JJ(J <:<'11 
理論歪芸春 (μst)











































































































衝撃速度 (N I SEC) 










v = !.3~‘ 
-， -4 -:3 -2 -1 
静圧 →kg 





















である。但し，Eは弾性体の縦強性係数 [kg/m2]， rは単位体積重量 [kg/m3]， gは重力加速度
[m/s2Jである。そしてこの応力波は







よび伝播速度を Al>A2; El> E2; rl> r2; Cl> C2とし， 反射率を α，透過率を Pとしてあらわ
せば，この不連続面に到達した応力計は反射，透過後それぞれ
σ1=(σ*+ασ*) (6 ) 
(7 ) 、 (]2= sσ* 
となる。但し， α，sは次のようである。
α A2r2C2-Alι一企1E2!_2二色1Elr_l_ 
-A2r2C2+AljCI -A21 E2r2 +Aj1 E正 (8 ) 
P2AんC'2 2A内 E2r2- 一一-A2r2C2+AljCj -A21 E2r2 +A11 ElI (9 ) 
(8)， (9)式により， 反射， 透過率を計算し， 図式解法によってえられた磁器及びストレインゲ
ージ位置での応力を図-12を図に示す。 また実験 IIIによる波形を写真 1，2に示す。
このようにしてえられた応力波形と実験 IIIによりえた応力波形を比較すると，繰返し周
波数は 5KHz程度でよく 一致しているが， 細部についてはあまりよく一致していない。 しか


























Strain μst (12.5 mV/cm) 
BaTi03 V (556 V/cm) 
掃引速度 50μsec/div
Strainμst (6.3 mVfcm) 
BaTi03 V (222 Vfcm) 
(294) 
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On the E旺ectsof the Special-Typed Intake Pipe System in 
a Crankcase-Compressed Two-Stroke Cycle Engine 
(5th Report) 
Norihiro Sawa and Shigenobu Hayashi 
Abstract 
1t is generally known that the breathing capacity is largely governed by the dynamic effects 
due to the intake pipe system， and the author has already reported the inertia or pulsation effect 
in the intake pipe system with a plain， stepped， confiux pipe， cyclone cleaner， expantion chamber 
or nozzle in a crankcase-compressed two-stroke cycle engine. 
Successively， to investigate systematically the infiu巴nceof the intake pipe system with multi-
hole typed resonance chamber or duble nozzle on the delivry ratio and to obtain the design data 
on such a pipe system， he has made a theoretical an且lysis. On the other hand， he has experi-
mentally measured the amount of breathing air changing the various factors in such intake pipe. 

















E-50 E-80 E-125 
40x39.8 45x50 55x52.5 
50 79.48 125 






















を一定とし (Li=36cm， 84 cm)，機関側から

















































K旬。)とノズル開口面積 (λ)と給気管断面積 L五)との比 Udf，Jとの関係をプロットしている。
すなわち同一低下割合を与える f，/'ιとV/V"との聞には近似的に (fi/fn)1. 8 = V/Vkの関係があ
ることがわかる。これに対し，脈動効果に基因する給気比曲線の起伏，たとえば Li=84Cffi， 






















































































































































クランク室圧縮型2サイクノレ機関における特殊型給気管系の影響について (第5報) 303 
































ので図 14(b)の場合につき等価管長 (L討を求めてみよう。記号は P:音庄， 5:粒子の変位，
V:容積， l:管長，f， 5:断面積，a:圧力伝播速度， P:密度， 1(三 P/f・~) :音響インピーダン










112 = (去).tan(k (2 ) 
となる。次に，機関側管系 (l" j~) における両端のインピーダンス1.，)， 182の間にも (1)式と同
様の関係が成り立つ。しかし閉端では粒子の変位はご与0，したがって 182ニ∞と近似できる。
したがって 181は
181 = (去トot(kん) (3 ) 
となる。さらに空洞室の入口部では音圧 (P) と体積流 (f・f)の連続条件が成り立つから
1 1 1 
li2 181 ' lV1 
( 4) 







]v> = } V2 _ k. V (6 ) 
となる。したがって (1)-(6)式から給気孔閉止後の管系 (V，伽 =0)に対する等師管長 (Li三 π/2k;
一端閉の直管に置換)の等出式は
t(112-¥=〕止)+ 2fiLi/lrV-(~ 2Li' ) C~H ¥ 2Lt ) ' 1 (7) 
のように与えられる。なお直結型空洞室で1.= S，ん二Oの場合には上式は
一一 一一一+一一一一-t (πん)ニ tベπん)πV2M) .UU ¥ 2Li' ) ， 2J;-Li (8 ) 
となる。 この (7)式および (8)式は空洞室付給気管系の寸度 (V，S， l1)， li，ιおよび!.)を含ん
でおり，これら各因子の等価管長 (Li')に及ぼす影響を知ることができる。 いま，付加型空洞
室，サイクロンおよび多孔型空洞室の寸度を変えた実験結果から，給気比曲線の山を与える機





















L2~ C，田 ?2iJ 





ような働きをすることがわかる。 しかし，l/l2二 0/43や ldl2=43/0のように給気管系が長い場
110 































た。その実験結果の代表例を図 18，図 19に示す。 図において，給気管系寸度が ldん=43/0
のように比較的長い場合でも鎮静多孔型空洞室を用いると，その給気比曲線の形状は給気管系
の短かい多孔型空洞室 (ldl2=0/0，V-2)の場合とよく類似している。 しかも鎮静空洞室の外
怪を大きくとると (dv/di=2~3) ， 最大給気比の値も増加し，その値は 5ぷ=1札 ldl2=0/0 ，
V-2の場合より約8%低いが同一寸度の場合 (5ぷ=l.0，ldl2 = 43/0， V-2)の場合と比較する
と高速回転域では約 10%もたかい値を示している。 さらに 5瓜ニ4.0の場合にはん/l2=0/0，
V-2 の場合と比較しでも逆に 1~2% たかい値を示している。このように鎮静多孔型空洞室を
使用することは，実質的に給気管系を短かくした場合に相当する機関性能(とくに給気比特性)



























































Vん T乞 p" dK/dθ(""" L.t¥ μ=一 ・ ・一一一;\~ (Aj什 2+A3十x-d4-J 4ftLi Tα Pi s2(θ) ¥"1' " ' "j ， ~ di ) 
則弘・林沢308 
(10) 
、 、? ? ? ?
、 、




(11) ピェ VkdVkm，εk = V80/Vic， s = Vkm/Vh， 
F(θ) = (dxddt)j(dxddt)ηι 
K:給気比， Li:給気管長， ft: !i;lr面積， di;管径，a:圧力伝播速度，l" A2' A3'ん
P:圧力，T:温度，V:容積， k:比寿!¥比，1n:干渉係数，各部(凶-22参照)の流動抵抗係数，
給気過程中の平均，任意クランク角おω:回転角速度 j葉、字ιん，r， Z， aは給気孔間口時，
よび掃気孔閉止時におけるクランク室内の状態，給気管内混合気および大気のを示す。
いま，流動抵抗係数 (μ)および機関角速度 (ω)iJ';一定と考えると (9)式の一般解は
K = (γ) (l-Ok'O' ~~ ) {l-e巾s州+十川) (12) 
ここにづ=";1/2;てごp2である。で与えられる。
次に最大給気比 (Kム)を与える条件は dK/d{)ニ Oの関係から
(13) l/ZZM二 p2十(180Wi)2
となり最大給気比(瓦明)の値は次式で与えられる。
伊 c P ¥ 
Km = 二とニ'(l-ok's'，三と )(l+eぺ)¥.LC】 Pi/ (14) 
O'!; :有効な給気孔開口角(=の f1{}i， !lB乞:Zi叫:最大給気比を与えるときの Zi'
無効角)である。
???
なお， (13)式および (14)式から最大給気比の生成を規定する因子として，慣性特性数 (Zi)，
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図-23 ノス、ノレ関口面積 (j，)の影響 (E-80)
N rpm 
1Zl-24 ノスノレ関口面積(j;，)の影響 (E-80)
次に厚さ 6mmのノズル 2!女を重ねた場合 (l'二 0)とその間隙を 78mmにした場合とにつ
いて， ノズル開口面積 (j;，)の影響を調べた結果を図-23および図 24に示す。図において，
li=20 cmの給気比曲線とくに最大給気比の値はノズルを挿入するといちじるしく低下し ノ
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On Ky Fan's Theorem and its Application 
to the Free Vector Lattice 
Kazuo Iwata* 
Abstract 
In this paper the author characterizes the linear dependency with positive coe伍cientsin 
a real linear space. Using this， he proves the countable decomposabilyty判。ffre vector latices. 
Introduction. D. M. Topping's expectation81 that it appωη highly likely 
that free vector latticesω-e countably debomJうosable**has been already justified 
by E. C. Weinberg91 and 1. Amemiya101 independently. One of the purposes of 
this paper is to deal with Ky Fan's theorems61 (generalizations of Stiemke-
Cω-ver料 *-Dinestheorems， etc.) somewhat strictly in case of inner product， and 
the other is to give another justification to the expectation above. We shall do 
the former in S 1， and the latter in S 2 by the use of S 1 and by the aid of the 
separability of l2. 
Here the author wishes to express his sincere thanks to Prof. 1. Amemiya 
(Tokyo Woman's Christian College) and Prof. T. Ito (Way配 StateUniv. Detroit) 
for their helpful guidances， and to Asst. Prof. K. Honda (孔1uroranInst， Tech.) 
for his useful conversations. 
Linear Dependence with Positive Coe伍cients
in a Real Linear Space 
Let R be a real linear space. Let R be a real inner product space since any 
R can be given at least an inner product on it. Let us denote by (，) the fixed 





A vector latice is called countably decolllJうosableif every positive orthogonal family is at 





(i = 1，2， .， m) 
be i:刀consistent(cf. Theorem 4， foot note， this paper.) Is that there should exおta set 01 m十I
constants， k， k， • ・ .， k明 '.1 ， such that 
労Z タn
Zんair= 0 and I:んん十ん九ム1=0 (r= 1，2， .，η) 
where at least one 01 the詑sbeing positive and托on01 the;，孔 beingnegatiuc. (2). p. 217) 
(315) 
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necessarily distinct)αb a2， "'，anER(n)d) be given. Let us de五nethe 1うroperties
with re.ゆectω{αν:ν=1，2，…， 1} as follows: 
( P ): There exist μμ>O(ν=1，2，…ラ 1)with 
(αηれ付>0 (t=I，Z…，71); 
(P.O): There exist f1ν>O(ν=1，2，…， 1) wIth 
(ai) わけ~O (i=はう71)凶 notal zero; 
(P.N): Non-(P.O). 
F urthermore let a system of real linear functionals j;， /Z， .一，1" (n~l) on R 
be given. In the above definitions， considering every xモR in places of L: f1シ仏，
μ>O(ν=1，2，…， n)ラwede五neanalogously the pr~ρerties (P)， (P.O)， and (P.N) 
with re学ectto {メ:lJ=l， 2，…) n} too. Here we note that the property (P.N) 
means that whenever there exist xεR with .6 {f，ν(xW>O， there exist i， j always 
such that J";，(x)>O， Jj(x)<O. Let us now denote by Aηa system {αν:αヱR，νz
1，2，…，n}， (n~ l). 
Theorem 1. (Generalizationザ Stiemke-DinesTheorern) 
A necessωツandsujJicient condition that a given system A九 hasthe pr.φerty 
(P.N) is that there exist ん>O(ν=1，2， "'， n) such that .6 λ仏 =0.
Proof The sufficiency of the condition is evident. We shall prove the 
necessity of the condition by the mathematical induction. 
In case n = 1， we should have aj = 0， and it is clear. Next we suppose that 
it is true for a positive integer n. If two distinct subsy引 emswith n members of 
A，川口(αν:ν=1，2，…，n + 1} have (P.N) together， we come to the conclusion at 
once byγthe induction hypothesis (summing b:yア twoequaEties). For the remaining 
cases (n十 1~ 3) we assume that A" and {ab a2，・.， an -hCl，ιー l}have (P.O). Here 
i.f we have both: 
(α何五 1μα)~O (i=l，2， "'，l1，l1十1)and not al zero forρ0， 
(LZMzyh)対日29，n，yH-1)a吋削 al zero forバ>0，
these immediately contradict the assumption. In the case n + 1 = 2， we get the 
same by the first hal1. That is， itsu伍cesto verify the case where there exist 
μ.>0 (lJ=l，え…，n)and r(l~r~n) such that 
(αψ，ネμα)>0 (i=1，2，…，r) ， 
(316) 





Then， setting I:μJν= x， let us determine乙>0such that 
(乙ai+aη 十bX)=O
(ai' X)ニ O
N ow suppose that n members: 
(i = 1， 2，…，め，
(i= r十1，…，n). 
t;iaけ αn'l (i=1，2，…，r) I 
ai (i=r+ 1，…，n) f 
have (P.O). Thenラ bydefinition， there exists 
???





(i=r+ 1，…， n)， 
and not al zero. Here putting (an十b y) = s， ifs = 0， that is obviously contradictory 
to the assumption. If s < 0， then it follows 









。Ia，. ~ v+x i ミl正li ← 0"y xj
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These mean that An+1 has (P.O) and hence contradictory to the assumption. 
Therefore n members of (i) shou1d have (P.N). Therefore there exist れ>O(ν=
1，2，…，n) such that 
L:1"ν(cν仏十αη(1)+L; 1"，aν=0. 
This comp1etes the proof. 
Here in this proof， rep1acing L: f1ν仏 andL: r;，(cν仏十仏，+1)+L: r;νανby mere 
xE R and mere yεR respective1y and using s as sキ0，we get the following resu1t 
due to Ky Fan*. 
Theorem 1'. A necessωツ andsutficient condition that a given systenz 
u:ν:ν=1，2，…，n}， (n)d) has the proJうerty(P.N) is that there existん>O(ν=
1，2， .， n) such that L:ん!v=0. 
Lemma 1. An has (P)ザωldonly ifαny (proper or i~ργφer， non-void) 
subsystem of An加 s(P.O). 
Proof For the “if" part we proceed by the induction on n. In case nニ 1，
it is trivial. Suppose that it is true for a positive integerη. 
By the assumption， there exist 己>O(ν=1，2，.， n， n+1) and io with 
(いα ，弓1宇号F宇1V5ωα)~凶o (何日=1は ，nい十1幻)， (←α九νJ，弓可号F15仇叫α仏サν，)
Whi1e by the induction hypothesis， there exist 
私>0 (ν=1，2，…， io-1， io+ 1，…η十1) with 
μ" L;万ν仏 )>0 (i=1，2，…，io-1， io+1，…， n+1). 
¥ ，キio I 
Hence， choosing ε>0 so small that 
I (ぃ言。帆)I<(aio' ~lç， a，)， 
and putting 
匁 +1 匁 +1
2己仏+ε 戸苛νG = L:μν仏
lνキio 1 
we obtain μν>O(ν=1，2，…，n， n+ 1)with 
(G41M)>O (i=1，2γ ー，n， n+ 1). 
The converse follows immediate1y from Theorem 1. 
Definition 1. If A匁 hasnot (P)， by Lemma 1 and Theorem 1， there exists 
in An the 1argest subsystem which has (P.N). We call it the mαximum (P.N) 
system of An- And we denote it as Aニェ{仏:ν=1， 2，…，m} without 10ss of 
* 6)， Part 1. Corollary 4. 
(318) 
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generality. If Aηhas (P)， the maximum (P.N) system of An is empty. 
Lemma 2. Let A!(O:(m:(n) be the maximum (P.N) system of Am where 






The converse is also true. 
Proof In case either m = n or m = 0， itis trivial by Theorem 1 and Lemma 
1. In the remaining cases， the五rstformula is clear. And since An has (P.O)， 
there exist μν>O(ν=1，2，…，n) with 
(ai， ~f1"a")=O (i=1，2， "'，m)， 
(ai，手f1s，)~ 0 (i=m+ 1， "'， n) 
and not al zero. Therefore we can complete the proof by means of Lemma 1. 
The converse is evident. 
By Lemma 1， we have: 
τheorem 2. (Generalizatioη ofCα向町田DinesTherem) 
A necessary and sufficient condition that a given S.ツste:悦 Anhas not property 
(P) is that there exist Aみむ (v= 1， 2， "'， n) such that L:λι=札 whereat leα~st one 
of the A's being positive. 
Defi.nition 2. Let us call a system An linearly d，φendent witんpositive
coそ{ficients，if An satisfies the necessary condition of Theorem 2. 
As a result including Theorems 1， and 2 we have: 
Theorem 3. (On Tucker's Theorem*) 
Tωo systems: 
i) A1 al十Azaz+・・+λ，an=O， ん~O
i) [(子bX)~O
) 1 (ん， x)~O;
ρossess solutionsん(ν=1，2，…， n) and x such that 
i)j(?hZ)+Al>O 
l (ι， x)+ん>0
十 5)，l.c. Theorem 1. 
(319) 
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Proof If./1ηhas (P)， take suitable x = L:μνGν， /1，>0 (ν=l，I-，n)and λ=0 
(ν=1，2，…，n). If An has (P.O) but not (P)， take x and λ(ν=1，2，…，m) just as 
in Lemma 2 and take λ=O(ν=m+1，…，n). If A" has (P.N)， take suitableん>0
(l.!=1，2，…，n) and x=O. 
Next let us deal with the non-homogeneous cases. 
Theorem 4. A necessmツ andsujficient condition that the folloωing two 
sysたmsof inequalities : 
i)!(子h 劫~O
t (~m x)~O 
同 !(?hU)+ゆ O
l (α7日 ν)+α'n~O
where we in，加 'pretat leαst one is positive; 
where weηze飢 αsusuαl二
G陀 bothinconsistent* is that there exist ん>O(ν=0，1，2，…，n) such that L:λa，=O 
and Ao十戸んαν=0.
Poof To prove the necessity of the condition we think of a linear space 
R(Jj VI. Taking 
R(Jj V1ε(0， 1) = bo， 
(ab lYl) = b1 ， 
(an，αη)=bn; 
we consider the system B= {bν:ν=0，1，…，n}. Suppose B has (P.O)， then there 
exist μν>O(ν=O，L-vn)with 
(bi， 手 μ b，)~O (i=O， 1，…， n)
and not al zero. Now if 
(bo， ~μ)>0 ， 
then we have 
0+ L:μναν>0 
and 
(αn ネ μα)十件川~O (i=1，2，…，n) ， 
'" (ai ， x)十日.i~O (i=1，2，"' n) is said to be inconsistellt， ifthe system h且snot solution x in R， 
other、.viseit is said to be consistent. 
In this paper， unless口therwisespeci五ed，inequality signs~and>are used as usual 
(320) 
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where ao=O，α。=1.
This yields that (i) is consistent. Otherwise， since 
ヤc，号川=0， and so I:μναν=0. 
Hence 
(αbzttGν)十以 (i= 1，2，…， n)， 
where not al zero. 
Therefore (i) is consistent， and so B should have (P.N). Thus we have proved 
the necessity by Theorem 1. For the converse， itis clear that (i) is inconsistent. 
If (i) is consistent under our assumptions， we have 
ん(a"y)+んαぷ O (ν=1，2，…，n) ， 
hence 
(手λω)+かναぷ 0，and so 
This is contradictory to I: A， Q'ν<0. 
I:Asν;;':0. 
Corollary 1*. A necessary and sufficient condition thatαsystem 
f (子10x)+α1 ;':0 
l (~"， x)+ αn;;':O 
is consistent is that I:λαν 二三ohol.ゐ for ωly ん>0(ν= 1， 2， …，m) such that 
ZλGμ= 0， where A';; is the maximum (P.N) system of An. 
And whe71ever the system is consiste71t， there exist solutions such thαtニr=
I:f-lμGν u庇ん μν>O(ν=1，2，…，71).
Proof Necessity is evident. For the converse， we consider the system 
B={b， : νニ 0，1，…，n)just as in the case of Theorem 4. We at品目tsee that B 
should have (P.O) by Theorem 1 and assumption. Suppose there exists a (P.N) 
system which contains bo=(O， 1). Let the maximum (P.N) system of B be B!= 
{bo， b10…，bm}， (m;，: 1). Then by Lemma 2， there exist λ>O(ν=0，1，…，m) and 
乙>O(ν=0，1，• "， 71) such that 
Zん仏 =0，
Ao+ I:んαν=0，
(bi， (和ν川十手ι→ (i=O， 1，…，m)， 
ホ 6)，l.c. Part 1， Theorem r & Part III， Theorem 14. 
(321) 
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(bi， (か， ~o+ 手 5αν))>0 (i=m+1，…，n) . 
Hence， by the second half 
and 
~o+ r;~，αν=0 




Applying Lemma 2， that is a contradiction to the assumption. 
Therefore there exist f1μ>O(ν=0，1，・"， n) with both 
(bo， (れ川0+れα))>0，
(bi) (争μa"f10+ 手間))~O 収=u ，n) 
The rest of the proof follows at once from this. 
Theorem 5. (Generalization of Cm勺 er's Theorem) 
A necessαly and sufficient condition th叫 agzven S.ッste悦 ofn linear ine網
qualities二
f (子bx)+α1>0 
t (~mX)+ αη>0 
is inconsistent is that there αist ん~0 (ν=0，1，…，n) such that r;λαμ=0 and 
20+ r;λα戸 0，日んereat least one of the ん(ν=1，2，…，n)being positive. 
Proof Taking B as well as in case of Theorem 4， we see that some 
subsystems of B should have (P.N). This is the necessity of the condition. 
Su自ciencyof the condition is evident. 
In the sequel， applying Theorem 3 to the case: 
REBV1ヨ(0，1)，(abα1)，…，仲間αη); 
we get the following. 
Teorem 6. Two systems: 
i) { 21αl十22向+…+2nan= 0 
l 20+ 21α1十22α2+…十んαn=O，λ~O (ν=0，1，…，n) ; 
r ~;言。
i) ~ (子b x)+ α1Ç~0 
l (a"， x)+ αn~~O ; 
(322) 
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possess solutionsλ(ν=0，1，…，n)， x，αnd ~ such that 
(ご+A.o>O
ii) ~ (~]， x) + α1~ 十 Å.l>O
l (a，円 x)+ αn~+ Å.n>O . 
(We omit the proof.) 
羽Te can also describe Theorems 2， 3， 4， 5， 6， and Corollary 1 (except for the 
latter proposition) as the ones* with respect to linear functionals 1， (ν=1，2，…，n) 
on R. (vVe call them Theorems 2'， 3'， 4'， 5'， 6'， and Corollary l' respectively.) 
We can prove them by means of (P)， (P.O)， and (P.N) with respect to linear 
functionals. In particular Theorems 4'， 5'， 6'， and Corollary l' are done by the 
uses of linear functionals 1，ffiαν(ν=0，1，・"， n) on Rffi V1 defined as fν@αμ(X)= 
1， (x) 十 α，~ for Xニ (x，~)εR⑦ V1•
We deal with the cases of inner product in the sequel. 
Corollary 2. Let a system An = {αν:仏 ER，ν=1， 2，…，n} be given. A 
necessary and suf;号cientcondition that min {aν:ν= 1， 2，"'， n} >0 unde1' some total 
o1'de1' which o1'ders all elements of a real linear space R as a vec初rlαtice料 zs
that t1.附司σexistμυ>O(ν=1，2，…， n) such that 
(αMLt仏)>0 (i= 1，え…，n). 
Proof The necessity follows from Theorem 2. The su缶ciencyfollows from 
Corollary 3 in S 2.
Now if we are concerned with the linear independency of n members of R， 
we have obviously by Theorem 2: 
Corol1ary 3. Given a syste明 A，け itis linearly ind，φ仰 dentifωld only if 
every system {dν仏 :ν ニ 1，2，…，n}hαs (P)， whe1'e eachム(ν ニ LI--，n)5tG71正lsfo1' 
1 01' -1 individually. 
By means of Corollary 3 we get at once the Gram's theorem (using the 
Laplace's expansio叫 Usingthe Gram's theorem we note 1町 ε:
N ote 1. Givenαsystem An(刀):2)whose n-1 1l1embe1's a]， a2， "'，an-l are 
linearly ind，φendent， letting 
α:nd 
(a]， 叫・……..(，αhα」
bn = I(αη-]， al) …・ (an-b(ln) 
α1........・・・・α九
* Theorems 2'， 5'， and Corollary l' are due to Ky Fan: 6)， Part L 
料 Cf. Proof of Lemma 3 in S 2 
(323) 
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(ν=1，2，…， n-1)， 
we have: 
An has not (P) if and only lf 九=0and .1，<0 
An has (P.N) if and onlyザbn=Oand .1，<0 
As a special case: 
(ν=1，2，…，n-1)， 
(ν=1，2，…，n-1). 
Note 2. For a system An(n>2)，ωith the notations: 
(aJ， a1)…… (aJ， aη) 
(ανhα1)……(ανb an) 
ト I a1 •.•••••••••• an 
(仏fl，α1)……(αν十hαn)
(a"， a1)…… (αn， a匁)
the followi昭 conditionsare equivalent. 
(1): a)， a2，・.，an are linearly ind，φendent. 
(2): bJ， b2，…，bn are linearly ind，φendent. 
(3): b)， bz， …，bn have (P). 
(ν=1，2，…，n) ， 
~ 2. Countable Decomposability of 
Free Vector Lattices 
Here we deal with this problem from the standpoint and with the notations 
of 8)本 exceptthat we write A (抗)for A if necessary. 
Let A be a real linear space in ~ 2. 
Lemma 1. A 砂picalelement ZEFVL(加)has the form : 
Zニ αX十戸Y
being 
米 D.M. Topping gave in his 8) p. 418 as follows: 
Let旬ebe any cardinal number and let S be a set of cardinality勿C，we construct the real 
vector space 1'1 of dimension we having S as basis. Let.Ai (iE 1) denote the totality of totally 
ordered A. as a vector lattice. We form the direct product V=TT A.. Under the co-ordinate回
もEI
wise ordering， V is a vector lattice. We denot巴 D the subset of V such that 
VコD= {{xi}・Xi= X， Zε1，ヱεA}. 
W巴letFVL(統)denote the distributive sublattice of V generated by D. Then his Theorem 
6: FVL(勿e)is the jトee-vector lattice on釘(genarators 
(324) 
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where a， s are real numbers and 
???
? ??、 ? ? 、 ，
?，
?， ? ? ? ?for X;:?:O 
for X<O in V. 
Pr'Oof Let L be the totality of elements in above forms. We have obviously 
FVL(加e)コL. In the right hand side of cjZj +czZz， distinguishing the terms with 
positive coe伍cientsfrom the others， we have the linearlity of L. For the lattice， 
in cases where α戸二三ofor αX + sYEL， we have obviously (αX+sY)+εL. In case 
where α>0 and s<O， since we have 
(αX+ßY) → =αX-(αX~(-ß)Y) ， 
here αXn( -s)Y constitues the same form as Y， we have (αX+sy)1εL. Thus 
L is a lattice. 
From Schwarz's inequality (Gram's theorem)， we have easily: 
Lemma 2. Let A beωl inner productゆace. 1f 
(x， a)
(x， a)>O and Ila-tllく-jbrα，x，tεA; 
Ilxl 
then 。<(x，t)<2(x， a). 
Lemma 3. Let αt'Otal order* as a "uecto1' lattice f'01' an inner product学ace
A be given. Then an'Othel舟 (ingeneral) total order f'Or A with re学ectωO学tεA
can be introduced by 
f'Or (x-y， t)= 0， let the ordering between .1: andγbe just as bef'Ore; 
for (x-y， t)>O， let x>y ; 
f'Or (x-y刈<0，let xくy.
Pr'O'Of Because the definition just mentioned satisfies the following order 
relations. 1) reflexivity， 2)asymmetry， 3)transitivity， 4)comparable配 s，5)α;:?:O 
and x;:?:O together imply αx;:?:O， 6) x;:?:y implies x十z;:?:ν+z.
For brevity， we call this total order for A αt'Otal orde1' for t. 
Theorem. Every fi百 vectorlattice FVL (加わ iscountably decomposable. 
P1'o'Of At first we will prove the fact “if O<ZLJO f'01' ZεFVL(明)， there 
exist 0 * aεA(加)and ε>0 such that Z>O by every total order f'Or t satisfying 
Ila-tll <e;ωhere a， n'01'm， and e altogether are the on白 derivedjシomthe given 
* It is true that a real linear space A has at least a total order as a vector latice. Hereafter 
we simply say of it“total order for A". 
(325) 
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inner product on A (抗)円 Toprove thisラ letus represent ZεFVL(抗)by means 
of Lemma 1 and call it expression (i). Here， since we can do the cases where 
α>0 and ss;O more simply rather than the case where α> 0 and s < 0， we handle 
the latter case. Besides we may assumeα= 1 and s = -1 without 10ss of gen-
erality. We fix a total order T (T-coordinate) for which Z(T) > O. Although 
the terms {x川}ム forwhich x叩(T)ζ0，vanish at this T， we use the same expres-
sion (i) for the sake of simp1icity. We assume 
Y(T)={γl1}c(T)+…+ {Yln} (T). 
Then we may think that there exists r(O<_r<_n) such that 
Y1o<O (ν=1，2，・"， r・)， 
γ10>0 (ν=r十 1，…，n). 
(xn十…+Xlm)一(γ)，-+1+…+Yln) = ZI>O， 
(xp1十…十xp国)一(ν1:1'+1+…十Yln)= Zp>O， 
Zνμ>0 (ν=1，2，…，p;μ=1，2，…，m)， 
at this T. Therefore， by Corollary 2 in S 1， under the given inner product on 






(ν ニ f十1，…，n)， 
(ν=1，2，…，p)， 
(ν=1，2，…，p;μ=1，2，…， 

















? ljMj IYhl1 二 ε2
1{也吐}ε4Ilx，pl J-
min{ム1ε2ラε3，e4} = 8 ; 
we obtain the fact above mentioned by Lemmas 2 and 3. 
Now suppose that for a certain FVL(明)there exist uncountable number of 
mutually orthogonal positive elements. Here， if necessary， we extract Zr(rεr) 
out of them so as to r satisfies武。<r<_拭 Thetota1 number of members 
which take part in expression (i) of each Z，(rEr) is not more than拭 Therefore
1etting So(SocS) be the union of corresponding generators whose linear combina-
tion expresses each member above， we have So<_~. 
Then taking Z;E FVL(So) (日T)just as the forms Z，εFVL(別)(r E T) respec-
tive1)ら wecan conclude at first that Z;(r E T) constitutes a positive orthogona1 
family in FVL(So) by virtue of Theorem 2 and Corollary 2 in S 1.
Next， introducing an inner product onto A(.8o) by the uses of Hamel bases 
(326) 
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for both l2 (or its suitable inner product subspace) and A(So) we can make an 
A(So) to be separab1e by the derived norm， and so we get the countability of 
mutually disjoint open sets (non-void) in A(So). Let us now observe the positive 
orthogonal family Z~(rE r) from the viewpoint of total order for the just introduced 
inner product. Then， since Theorem 2 and Coro11ary 2 in ~ 1 and the fact above 
proved hold good for any inner product， we see that the mutua11y orthogonal 
positive elements Z;(iモF)must be at most countable， a contradiction. This com-
pletes the proof. 
Note 1. Here we sha11 show t出ha此tt出he訂ree位Xlお出s針ta配ct旬uaι1匂y c∞oun凶1此ta油b1防y m 五fin而1甘it白e 
number of mu凶1此tuaι1防yorthogonal positive elements i出nFVL(~拭~o)
Tak王i白ng





Zn = {x，J+ ~ {Yη)十 EFVL(~o) (n = 1， 2，…) . 
Thenラ byCorollary 2 in ~ 1， we have Zn> 0 (71 = 1， 2， .一)if and only if there 
exist (αmん…)EA(設。)res戸ctivelysuch that 
(ん(α?ふヲ))=αn-nsn十1/2sn>0
and 
(Ym (αn， s"け))=-a，+nι>0， 
that is n-1/2<α，jsn<71 (n=1，2，…). Accordingly we see also ZnnZ，叫 =0(n手m)
by the same grounds. Here in addition， as Theorem 2 in ~ 1 says， itholds that 
ι，ν?円 andx.四 (n<m)αrelinearly dφendent with positive coぐtficients:
{2(m-n)-1}ふるは(ηl-n)肘ん=0
Of course， the above is a71α71logously true in FVL (2). 
Note 2. 171 ωse叩 =n(fi71ite)ヲ anytotal or.ゐrfor A(説)ca71 be given as 
a ge71eral lexicographical order which d，φendsゆona regulm・ matrix(excφing 
the uniquen白 s)of order n. 
(Received May. 19， 1970) 
Referencεs 
1) E. Stiemke: Uber positive Losungen homogener linearer Gleichungen. Math. Ann. 76 
(1915)， 340-342 
2) W. B. Carver: Systems of linear inequalities. Annals of Math. (2)， 23 (1922)， 212-220. 
3) L. L. Dines: De五nitelinear dependence. Annals of Math. 27 (1925)， 57-64. 
4) L. L. Dines: Note on certain associated systems of linear equalities and inequalities. 
(327) 
328 Kazuo 1wata 
Annals of Math. 28 (1926-27)， 41-42. 
5) A. W. Tucker: Dual system of homogeneous linear relations. Annals of Math. Study 
38 (1956)， 3-18 
6) Ky Fan: On systems of linear inequalities. Annals of Math. Study. 38 (1956)， 99-156 
7) E. C. Weinberg: Free lattice-ordered groups. Math. Ann. 151 (1963)， 189-199. 
8) D. M. Topping: Some homological pathology in vector lattices. Can.]. Math. 17 (1965)， 
411-428. 
9) E. C. Weinberg: Fr己elattice-ordered Abelian groups 11. Math. Ann. 159 (1965)， 217-222. 
10) 1. Amemiya: Countable decomposability of vector lattices. J. Fac. Sci. Hokkaido Univ. 
Ser. 1， Vol. XIX， Nos. 3， 4 (1966). 
(328) 
Practical Noises and Pragmatism 
y oshio Kinokuni:yァポ
Abstract 
Investigating about any practical designation of elements specified by some propεrty， one 
comes across the possibility of applying the philosophical notion of pragmatism 羽Tehere try to 
d巴velopthe pragmatist view on the set-theoretical analysis and treat practical remainders of 
conception along this line 
1. Pragmatist View 
The term 1うragmatism1 has been introduced to denote the general tendency 
to subordinate logical thinking to the ends of practical life and to find the test 
of the truth of ideas in their practical consequences. In the study of mathemat-
ical foundations， ifwe take up the aggregate of elements which are found eligible 
through some practical procedures in comparison with the set which has before-
hand been put forward by abstraction as the total universe containing the above 
aggregate， there may be expected some pragmatist view to give a valid line of 
discussion. Suppose that we have a total set of elements T provided with a 
certain testing device P such that ifぽ Tand P(α) (that is， a is an element of 
T specifically qualified by P)αis called a practical element， and T p is the 
aggregate of al practical elements of T， then the part defined as R(Tp)=T-Tp， 
w hich we call the practical 河川αinderof T (with respect to P)， will make a 
theoretical noise in the meaning that we should ask whether R(Tp) isvoid or 
not. If we have no possitive way really to distinguish unpractical elements from 
practical ones in the construction of T， R(Tp) isexpressly called a ρractical noise. 
1n pragmatism， any conception， ifapart from its practical consequences， should 
be regarded merely as an abstraction without meaning or signi五canceand even-
tually without truth or falsehood11• Under this view， ifthere is no way really 
to prove any element of T to be an unpractical element， R(Tp) may be regarded 
as a void set. However， as a matter of fact， a pragmatist process of conclusion 
should not be a mere formal process of inference. So， itshall not be admissible 
if one， with no further discussions， asserts that any practical noise， in reality， 
gives no other object than a void set. 
The term pragmatization is sometimes used to mean a conduct which repre圃
sents what is imaginary 01' subjective as real 01' actual， or materializes it through 
some physical characterization. So it may aIso be said to be pragmatist if we 
assume a euclidian space (of五nitedimension) to be五lledup by some homogeneous 
*紀国谷芳雄
(329) 
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medium (say， ether) everywhere equidensely. Then the a priori measure* of a set 
M in this space may be expected to coincide with the total weight of the medium 
which just五l1sthe spatial occupation. of M. The measure of a set so pragma司
tized is called the pragmatist measure. Consequently， we shall take the pragmatist 
measure to be construed as meaning the a priori mesure itself in the sen.se that 
the former is a pragmatization of the latter. 
2. Practical Enumerability 
If there is assumed a sequence of elements X = (ぬ)(ん=1，2，…)， X is regarded 
as an enumerable set. But， ifwe have no way， in advance， to distinguish Xk 
from other elements， the enumerability of X may only be an abstract conception， 
so that， ifwe apply pragmatism， X shall be thought meaningless. In this regard， 
we say 'x is practically enumerable' when Xk is distinguished from other elements 
and if 
二Ll''.， X!c 
are known the next element Xk十1is always exactly determined; and then X is 
called a practical sequence. The enumerability that Cantor assumed in his diago-
nal process was just the practical enumerability. However， when one simply 
assumes such a set M that 
M <[2 (the initial ordinal number of the 3rd class) ， 
then M may not always be thought to be practically enumerable. If M is not 
given to be practically enumerable， i1.1 may be a mere abstract concept and so 
shall be thought to be meaningless. 
If A is a simply ordered set and every element of a set X is denoted as 
x2(AEA)， and X is given as 
x=limx2 ， 
and if there is no sequence (ん)such that 
X= limx2k， 
we may eventually think that there is no practical way to reach X by the elements 
of X， because no stepping of elevation can， by human approach， be realized beyond 
enumerability. Thus we五nda pragmatist ground for andopting the following 
postulate in the course of our empiricist theory of analysis. 
Postulate 1料 . lf A is a simply ordered set and if 
X= limx2， 
ヰ Theempiricist extension of the Lebesgue measure2). 
料 Thispostulate has previously been used and played a key role in theories of a priori measure 
and of empiricist analysis. 
(330) 
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then there is a prac抗calseqi悦れce(Ak) (CA) such that 
X = lim X'k・
3. Set of Real Numbers 
331 
We use the convention on the decimal expression that applies the infinite form 
α=O.aj…αη j(an-1) 99… 
instead of the finite one 
α=O.aj・ αη，
so that any real number which is not equal to zero may be promised a unique 
expression of the infinite decimal form. Thus， whenever we assume a positive 
real number x~ 1， we may thake X to be uniquely expressed in the form 
ヱ=0，xjx2・
However， ifthe sequence (ぬ)cannot really be a practical one， X must be a mere 
abstract object and so， in our view， be meaningless. In this regard， we call X 
aρractical (real) nurnber if (ぉ)is a practical sequence. If we denote as 1 = 
(0， 1](=: {x: 0 < X~ 1}) and by 1 p the aggrega te of al practical numbers in 1， the 
remainder 
R(ι)=1-ι 
causes a practical noise. 
We may as practical numbers show 
;π=3山 9 ラ臼nlf，札
but it is evident that practical numbers which are really to be shown by the 
human race can only make an enumerable set in all. However， itis also evident 
that we cannot wholly know what practical numbers will be found in the future. 
While， in our course of logic， the following proposition is proved : 
(k) 
Proposition 1 (Theorern of Cantor). 1p cannot be practically enurnerable. 
Proof. If 1p is practically enumerable， there must be a practical sequence 
(X) (k=1， 2，…) such that 
(k) 
(ん)ι=(X). 
Then， as each X are practical numbers， there are unique in五nitedecimal expres明
slons 
(ん) (k) (長)
X= O，xjx2・・ . 
Let the function 9 (x) be de岳民das 
(331) 
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g(x) = x十1when x< 9， 
=x-1 when x=9， 
(k) 
and let ~k be de五nedby ~k = σ(じら)(んニ1，2，…)， then 
~ = O'~1;2 ・・・
(k) 
gives a practical number which cannot be found in the sequence (x)， whereas it 




which gives a contradiction. 
Now let us turn to the question of the practical noise R(Ip). If we take x 
to belong to 1， x is usually expected to be written in the form 
ヱ=O.X1X2・・ ， 
so that x may be expected as a pratical number. Butラ inour view， this cannot 
be assured when the sequence (xk) is not found as a practical one. In any actual 
work， ifxE 1 is assumed，ヱ is either (i) really a practical number， or (i) not yet 
practically shown. In case of (i)， ifwe need exactly to describe x， we may have 
the following two ways: (1) x今O.X1X2…ぶ円 or(2) O.X1X2…ι<X<O.X1X2…ゐ十1・
In the case of (1) it is thought possible that x = O.X1X2…ι， and in the case of 
(2)， as a matter of fact， the interval (O.XIX2'" xm O.X1X2…Xn+l) is taken as the 
object of observation insteacl of the ghost point x. Such being the conclitions， 
it may be saicl that our actual work is always tightly bouncl to practical numbers 
and hence R(Ip) here causes no real obstruction. Consequently， we may say that 
R(Ip) pragmatistly leaks no part of it really to e宜ect，so that R(Ip) may be 
regarcled to be cleletable from our course of analysis. 
If a fact is， through our pragmatist view， clemonstratecl， we say that it is， 
zn enψiricist pragmatism， gainecl. Then， fr・omthe above， we have: 
Proposition 2. In erzρiricist 1りragmatismヲ itis admissible that R(Ip)=必.
4. Quasi -Practical Space 
Supposing that T is a metric space ancl T p the completion of T pてwe，1n 
this section， will exami田 whatmay happen when R(T p) (= T -T p)*必.
We denote by Ix-zl the distance between x and z of T and call a set 
S (z， r)clefined as 
S(z， r)= {x: Ix-zl = r} 
* The subspace of T which consists of al practical points (i. e.， practical elements) of T. 
(332) 
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aφhere in T. Then， ifwe de五neB(z， r)by 
it is evident that 
B(zヲめ=US(z，ρ) ， 
ρ~T 
(Vr>O) (B(z， 1・)nfp*0).二';.ZET p・
Therefore， ifzεR(T p)， itfollsws that 
(ヨに>0)(B(.z， Tz) n T p=必)
which implies that 
B(z， rz)CR(T p). 
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Defi.nition. If R(T p) does not contain any interior point， T is called a 
quasiアracticalゃαce.
Then， from the above discussion we conclude: 
P:roposition 3. 11 T isαmetric学ace，101' T to be quαSlすractical，it is 




If it is unprovable that RCl~>)手必， then T is called a d切selycomρutable 
set (with respect to P). The case R(Tp)=必 givesan insta配 eof s山 ha T. 
Proposition 4. If T is a metric学αceand is densely conψutable，訪問 T
is necessarily quasiアractical.
Demonstration. If there exist a point z and a positive real number九 such
that B(z， 1'z)CR(t p)ラ thenit follows that R(Tp)手必 Then，the apodosis part 
is readily obtained. 
5. Family of Borel sets 
Let the total aggregate of ordinal numbers of the 2nd class be denoted byア
S. Then， in regard to Postulate 1， S cannot be treated as a determinate set， 
because S cannot be finished by any enumerable stepping in terms of its segments， 
whereas the construction of S may not bεobtained without the stepping increase 
of orders of its elements. Thus we have the following conviction to be valid. 
Proposition 5 (Fundamental Claim in the Empiricist Analysis). If a set is 
given its ordinal to be 01 the 3rd clαs 日ithno other 乎ecifo:•αtion to look into 
it， itis 01 an unfinished collection and cannot be regarded as a determinate seι 
A family B is the family of Borel sets if making use of ordinal numbers B 
can be classi五edin classes B的 whereα<Q (the initial ordinal of the 3rd class)， 
(333) 
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in the following manner: 
(i) the class Bo is the family of al closed sets; 
(i) ifα=え+n， A. being a limit ordinal， and if n is an odd integer， Bαis the 
family of al sets of the form 
U:~lXη; 
(ii) if n is an even integer， Bαis the family of al sets of the form 
n:~lXn ; 
XJ， X2，… in (i) or (ii) are sets which belong to classes of indiees smaller thanα. 
According to Proposition 5， the family B must be of an unfinished collec由
tion. However， any set X of B may be regarded as a practical object if an 
index αis distinctly given such as X E B帥 becausethen X may be reconstructed 
by enumerable compositions of union-makings and product-makings from certain 
sets of the class Bo. Conversely， any practical set of B may reasonably defined 
as a set which is produced by enumerble compositions of union-makings and 
product-makings from sets of Bo and so belongs to a class Bαfor which αlS 
distinctly determined. If X is simply assumed to be a set of B and the index 
of the class containing X is not settled， then X is only an abstract object and， 
in our pragmatist view， isto be cosidered meaningless. Thus we conclude: 
Proposition 6. The fami~ッ of Borel sets is of an 包ηfiJ泊shedcollection. 
Howeverヲ itc側 ber巳cgardeddensely computable and so，αs a 悦 atterof fact， 
can be regarded to have no pr.αcticαd noise. 
In the above the initial class Bo is not discussed in detail， but it is pragma-
tistly possible to show that Bo may also be considered to have no practical noise. 
6. On Probabilism 
In this section， sets of points are uniformly restricted within a euclidian 
space of五nitedimension E and every point of E is assumed to be equi田probable，
that is， occurrences of any two points of E are always reckoned to be of equal 
probability. The probability that an aleatory variable point x， which is restricted 
within a given set K， occurs in a subset M of K， has usually been defined by 
Pr(xEI'1cK) =伝Mj伝K， (6.1) 
where i五J.11means the a priori measure of M and K is rather assumed to be 
a simple四五guredset of which the measure value 伝K is evidently known (e. g.， 
interiors of a sphere or a rectangle). In this case the practicality of Pr will 
naturally hinge upon the practicality of 伝NI，and so， practical sets in respect to 
Pr shall coincide with practical sets in respect to弘
Stochastic books de五nePr by another approach. They五rsttake a so-called 
random sample 
X]， X2， .， XN (6.2) 
(334) 
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from within the set K， and then， if
X k1， Xk:， ・・，XkJ(N) 
are al of its points which belong to M， they consider the ratio 
J(N)jN 
to be an approximation of Pr by means of the sample (6.2). On this line Pr is 
evidently de五nedby 
Pr(xEMcK) = lim J(N)jN. 
λ7→∞ 
This way of definition may literally be very practical， because its process of 
approaching is made up through an accumulation of actual practices of examina-
tions. However， ifwe thereof make a theoretical inspection， we forthwith find 
an important omission， that is， the omission of assurance for the unique conver-
gence of the sequence (J(N)jN) (N=l， 2，…). 1n this context， there are unde-
niably found various sequences (J(N)川り whichgive several conditions of conver-
gence， and the possibility of such severalty may reasonably be explained by the 
relative formula 
Pr(xEMcK， (1)= Sω(X) dx/ Sω(ヱ)dx (6.3) 
xEM xEK 
the left-hand of which means the relative probability of McK in respect to the 
weight function ωThe random幽samplingapproach is considered to be defined 
as an approach which corresponds to the case (Vx) (ω(x)=l) in (6.3). Hence the 
practical noise of this case will hinge upon the noise about the practical possi-
bility of the uniform event 
(γxEK) (ω(x) = 1). (6.4) 
But， in effect， itis found very complicate to enforce (6.4). 
Finally， there may be pointed out a physicalistic line to translate Pr as the 
mean density of the medium occupying M amomg K. In this connection， dis-
cussions inevitably regress toward the constructive formula (6.1) on the interpre-
tation that 伝 meansthe pragmatist measure. Our investigation thus shall wholly 
be focussed on the subject of m・measurability.
7. Pragmatist iルMeasurability
A determInate set M in a space E may generally be characterized by the 
property 
(VxεFJ) (xEM. V.xr[_M). (7.1) 
However， in pragmatism， some notion so to say， of a practical (or practically 
determinate) set will be needed in addition. A partial characterization of such 
a set may be given by the following. 
(335) 
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Criterion P.σM is a 1うracticalseムM has no 1うroper砂町hichis essen・
tially considered meaningless. 
In Section 1 we introduced the pragmatist 伝・measureto be put forward as 
a pragmatist interpretation of the 伝-measure. If we simply stand on this view-
point， any set non-ルmeasurablemay be thought to be a meaningless object， 
because any set having a determinate occupation in (a euclidian space) E must 
have a unique 伝-value(or mノ幽measurevalue) to be determined as the total weight 
of the medium just五llingits sptaial occupation. However， such a view seems 
as too much trusting to the physicalistic conviction on the phenomenal construc圃
tion of a (euclidian) space. So， in this section， we try mathematically to develop 
a rather detailed course of discussions. 
If a proposition ，._ p cannot be considered to be true， we say p is destined. 
For instance， ifthe relation 
伝1'v1= 0 
is not considered to hold， then it shall be destined that 
t五1¥1>0. (7.2) 
1n this case， M is not necessarily promised to be品measurable. (7.2) only means 
that the total weight of the medium filling the spatial occupation of 1'v1 must be 
estimated to be positive. 
However， in case of (7.2)， ifM is a practical set， there must be at least one 
伝-measurablesubset N in M such that 
t五λT>u，
because， ifthere is no such N， the destination (7.2) can be no other than a mere 
abstract assumption and so only meaningless. Thus we may， by Criteion P， 
conclude: 
Proposition 7 (Prinaple of Null-1¥1easure Assertion). If M isαpractical 
set and 
(VXcl'vl) (X is measurable.二}.mX口 0)， 
then it must be that M is i元-measurableand 
mM=O. 
We may really decide 品measuresfor many sets of points in E and such 
sets may directly be thought as practical ones. But whether there is a practical 
non-iふmeasurableset or not is not yet evidentlyァsettled. 'l{ e will here， on setting 
the following axiom， look into this question. 
Axiom P. If M，λ(ん=1，2，…)a何 allpractical sets， then s的
Mk-Mj， u1¥1k， and nMk 
α:re practicαd. 
(336) 
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Proposition 8. グseお
Mjr:;.二λf2E-..
α:l are 11元世悦Eα~surable and 
λ1= UMk， 
then M is m・Jnεαsur，αtbleand 
mM = lim m，M/c. (7.3) 
Demonstration. If (7.3) Is not assured， apparently it must be destined that 
復.l¥;1>limi五M"，
so that there exists a positive real number o such that 
m，(λ1-A1k)>o 
is destined for al ん=1，2，.一 Then，since 
J.V!-J.V!1三M-M2三…ラ




Since N is a void set， (7.5) cannot be destined， so that the assumption (7.4) should 
eventually be a mere abstract one (and so meaningless). Then， by Axiom P and 
Criterion P， we have (7.3) to be left as the only case. 
When A1 is a practical set， itmay readily be seen that there exists a sequence 
of 伝'，-measurable(and hence practical) sets川;fk)such that 
λ;flCM2r:;.二・・E二M
and any practical subset of N = ]1，1-U .1i17.o can have no other 品valuethan zero. 
Then， by Proposition 7， N is品measurableand i:百iN= 0， and， by Proposition 8， we 
have 7n(UMk)=lim 勿Mk• Hence i五λ1consequently is decided. Thus we have: 
Proposition 9. Any pr刀cticalset is m・measurable.
Now we may say that we here are in the place to take up the problem of 
the noise between the family of determinate sets and that of practical sets. 1t 
seems apparently possible to delete the noise away. But we will here simply note 
that the formula (7.1) itself may not be considered as a complete expression， in 
some more stringent sense of philosophy. 
五vfathematicalSCJ;孔i社品γ 01the Aluroγan 1託st.Tech.， Hokkιido 
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Crystal Distortion of Spinel Type Oxides and 
Its Temperature Dependence (1) 
Kensuke Hoshi 
Abstract 
Crystal distortion and its temperature depend己nceof oxide spinels is measured by X-ray 
diffractometor， and parameter W which appeared in Kanamori's theory is calculated from the 
results 
According to Kanamori， W was surposed to be proportional to the magnitude of the crystal 
distortion. 
Contrary to the prediction of the theory， the experiment seems that ~V is monotonically 



























Uz = Uzo [exp(2 WjkT) -exp(-WjkTJ/[exp(2 WjkT) +2exp(-l町kTJ.
Uzは温度 Tにおける結晶歪であり，lzOは絶対零度における結晶査である。 この論文では U，
W のかわりに次の関係で与えられる S，L1をもちいることにする。
3W い T， 1+2S s=ヱι，L1 = 一一~ L1の値は，T， Sの測定値から L1=一一ln一一一一，の関係で求まる。:IZO' .- 2k .~ V../ I IE!.~c:h. ， .L， U V_.lt，..."'!，'J AC. I ~/J4 "，_.} _， - 2 u. 1-S 




は電子軌道準位は 3重に縮退している (図-3)ので， Jahn・TeIler効果による結晶歪が期待され






































05 500 0.5 
. 
10 





もちいた回折線のミラー指数は， (4， 4， 0) (4， 0， 4) (0， 4， 4)である。それぞれの試料について
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Electron Microscopic Study on Stress Corrosion 
Cracking of Austenitic Stainless Steel 
Hidehiko Kamide， Tetsuhei Tachikawa 
and Hideo Sugawara 
Abstract 
Effects of some alloy elements on the susc巴ptibilityof austenitic stainless steel to stress 
corrosion cracking have been investigated by transmission electron microscopy. 
Thin-foil specimens of the steels were used to examine corrosion behaviors before and after 
exposure to solution which should cause stress corrosion cracking. In the case of the specimen 
to which added carbon， there was a tendency towards a cellular distribution of dislocations and， 
on the other hand， the specimen to which added nitrogen showed a planer distribution of disloca-
tions. The dislocation structure of austenitic stainless steels were dependent on the relative co岳
民ntsof both elements. 
When thin-foil specimens were exposed in boiling 42% MgClz solution， the bright band was 
observed and a planer distribution of dislocation existed in this bright band. 
Therefore， itseems that the slip is liable to occur in a planer distribution of dislocation. 
In nitrogen and carbon-rich stainless steels aged at 2000C after deformation， the segregation 
and precipitation of solut己 atomwere r巴cognizedin the slip plains. The segregation of solute 
atom is particularly necessary for the susceptibility of stress corrosion cracking. The mechanism 
of stress corrosion cracking of austenitic stainless steel may be explained with referring one model. 
I.緒 二z '" 
一般に応力腐蝕割れは (1)合金であること， (2)腐蝕すること， および (3)応力が存在す
ること，の 3つの因子の組み合わせになった場合におこる現象である。この現象の機構につい
































た。 溶体化処理後テンシロンで 1mm/minの速度で、歪をあたえた。 この時の歪は各試料につ
き，伸びで2.5%および5%の2種である。歪をあたえた試料を切断して最初250Cで HZS04: 
HZP04=3: 2の組成の溶液中で約0.10mmの厚さになるまで電解研磨をおこない， 0.lx3.0x 
3.0mmに切断後ジェット研磨6)によりくぼみをあたえた。 ジェット研磨における溶液の組成





























































察されそれを写真 3(a)に示す。 このことは後述するように [III(3)]次の腐蝕試験によってー
(a) A-l試料 (b1 A-2試料
(c) B-l試料 (d) B-2試料
写真 3 5%引っ張り加工した試料の電子顕微鏡写真
(346) 




















































































(a) A-l試料 (b) B-2試料
(c) B-2試料 (d) A-2;試料
(e) A-l試料










































































写真 10(c)は B-1試料で A シリーズに比べ著しく溝の数は少ない。
写真 10(d)は B-2試料で B-1試料と同様腐蝕溝が観察され， A シリーズに比べその数が
少ない。 Bシリーズでは Aシリーズに見られるような腐蝕溝に著しい差が観察されなかった。






写真 11(a)は A-1試料で時効前と同様プラナー構造を示している。 また時効後では時効
前に比べて著しく転位密度をましている。これは2000Cと言う温度で転位が成長するものと考
える。














































所は腐蝕感受性が高いことを示す。 同様に写真 12(d)は粒界および粒界上の析出部，写真 12
(e)は析出部が腐蝕されているのが観察された。 写真一12(c)の析出部の腐蝕が写真 12(e)の場
合より顕著でない理由は明らかでない。しかし，ステンレス銅の粒界腐蝕現象を電気化学説で
(a) A-l試料 (b) A-2試料




(c) B-l試料一 (d) B-2言売料J
(e) B-2試料













































































うに， 侵入型に固i容する元素が 2.5%から 5%ヲ|っ張り加工への増加によって転位の配列を全
く変えるという考えはあたらない。本実験では高炭素の試料も写真-4に示すように， 転位が









(a) 粒界でとめられるすべり (い すべり面とセノレ1普造








































1) E. Dix: Trans. Am. Inst. Min. Met. 137， 11 (1940). 
2) F. H. Keating: The Symposium on Internal Stress in Metal and Alloy (1958) 
3) 下平三郎: 日本金属学会会報 8，652 (1969) 
4) T. P. Hoar.: Corrosion 19， 331 (1963). 
5) P. R. Swann: Corrosion 1宮， 102 (1963). 
6) 竹山太郎: 固体物理 2，26 (1967). 
7) 高野・下平: 防蝕技術 14，206 (1965) 
8) 下平三郎. 材料 18ヲ 53(1969). 
9) 大谷南海男: 日本金属学会会報 8，666 (1969) 





On the Equilibrium Diagram of System NaCI-KCI-NiC12 
Akihiko Tanaka and Hiroshi G. Katayama 
Abstract 
For the purpose of determining the phase diagram of NaCI-KCI-NiC12 system， thermal analysis 
and X-ray di妊ractionanalysis have been conducted. 
The results are as follows; 
(1) NaCI-KCl binary phase diagram which remained uncertain in earlier papers in respect to 
the solidus line and solubility curv巴 insolid state has been reviewed and revised 
(2) NaCI-NiC]z and KCI-NiCI2 diagrams having no previous report have been determined， and 
it was found that the former had only one eutectic point at about 29 mol pct. NiCI2， 5630C and 
the latter had one eutectic point at 28 mol pct. NiCI2， 5070C and one peritectic point at 50 mol 
pct. NiCI2， 6570C and the peritectic product was stoichiometric compound KCl・NiCl2
(3) The liquidus surface of the ternary diagram of NaCI-KCI-NiC]z system have been deter-
mined， and we found that it has minimum fusing point at the position of about 20 mol pct NaCl， 

































ミニウムをもって直接検定を行なった。 冷却速度は 0~6000C の間では 3~50C/min， 6000C以
上では 5~60C/min である。
b) X線回折法 NaCI-KCI2元系の国相域内の溶解度曲線の決定には高温 X線、回折
法を採用した。使用装置は理学電機製自記X線回折装置ならびに附属高温試料支持台である。
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凝固試料について Niの化学分析を行ない結果の補正を行なった。 しかし 70モル%以上の
NiC12を含む試料においてはその補正値の精度も期待できないので測定を行なわなかった。 冷
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果を総合すると図 5の状態図が得られる。すなわち NiCl2の低濃度側では NaCI-NiClz系と
同様な共品型であり ，5070C， NiClz 28モル%の位置に共品点があらわれる。しかし， NiClz高
濃度側では 6570Cにおいて包晶反応がおこり，中間化合物が生成する。この中間化合物につい














上述の 3系の 2元状態図を基礎として， 3元域に多数の混合試料を作り，それぞれについ





KCI (mol %) 
図 6 NaCI-KCI-NiClz 3元系液相同等温線図
各測定点を化学分析により補正し，凝固面を等温曲線にて表現したものが図-6である。
NaCI-KC12元系の液相線の最低点は NiC12量の増加とともに，やや KCl側に傾きながら図
の破線に従ってその融点が降下する。 また， NaCI-NiC12 2元系の約29モル%NiC12， 5630C 
にある共品点， ならびに KCI-NiC122元系の約28モル%NiC12， 507
0Cの共品点はそれぞれ
KCl， NaCl量の増加にしたがし、喰しい谷をなして徐々に融点が降下する。 この線は約30モル















2. NaCI-NiClz系は単純な共晶型であり NiClz約 29モル%， 563
0Cの位置に共品点をも
っ。また相互にほとんど固溶しない。








1) 電気化学協会溶融塩委員会編・ 溶融塩物性表， 466頁(化学問人， 1963). 







Studies on the Formation of Manganese-ferrite from Various 
Kinds of Iron Oxide and Manganese Oxide in Powdered 
Mixture and Natural Manganese Ores 
Akihiko Tanaka， Hiroshi G. Katayama 
and Y oshikazu Kanamori 
Abstract 
1n order to investigate the formation mechanism of manganese-ferrite， MnFe204， byア heating
1ron司bearingmanganese ores， the authors have studied some reactions between manganese oxides 
and iron oxides. Consequently， itwas found that principal intermediate phase produced by heating 
at 800-1200oC was not stoichiometric compound MnFe204 but Mn304-Fe304 solid solution having 
crystal structure of spinel type. And then， the formation conditions could be determined after 
various experiments in nitrogen and air flow. On the basis of these results the behaviors of iron 















370 問中主主彦 ・片山 博 ・金森祥一
これは A.S.T.M のX線回折データにおける Jacobsite(MnFez04)を根拠としたものである。
これについて A.S.T.Mに採用されている他のデータ，ならびに Fe30cMn304系状態図2)，

















成せしめるために Mn/Feの原子比として 1:2に定めた。 すなわち MnO-Fe203混合物の場合
は 1:1， Mn30cFe304の場合は 1:2， Mn30cFez03の場合は 1:3のモル比となる。配合後撹






1級シュウ酸マンガンを 120-1300C脱水， N2気流中8500C，1 hr.加熱分解。生成物鮮緑色
③ 特級MnC03を4500C，2 hr.加熱分解，700oC， llOOoC各 2hr.加熱
⑮ 特級MnOzを llOOOC，2 hr.加熱
③ 特級Fe203(褐色)を 8500C，1 hr.加熱
⑮ 特級Fe203(褐色)を llOOOC，2 hr加熱
⑥ 1級 Fe203(赤色)を 8500C，1 hr加熱
















MnO+Fez03 = MnFez04 
Mn304十2Fe304 = 3MnFez04 
Mn304+3Fez03 = 3MnFez04+1/20z 
( 1 ) 
(2 ) 
(3 ) 
熱力学的検討 B. E. Levinめは各種のフェライトの生成熱を推定し MnFez04Vこ対して
はL1HZ98=ー7.7kcal/molの値を与えている。 山口氏5)はフェライ トの生成が固体の付加反応で
あるためエン トロ ピーおよび比熱の変化は小さく ，したがってその自由エネルギ一変化 L1F。は
L1H ?98に近似すると述べている。さらに最近K.SchwerdtfegerおよびA.Muan6)は (Mn，Fe)O，
(Mn，Feh04固溶体において各酸化物の活量を測定し 11500Cにおける MnFez04の生成自由エ
ネルギ一変化を算出し， 反応(1)については -8.9kcal/mol， 反応(2)については ー7.3kcal/mol 













































各種酸化欽，酸化マンガン混合物および天然含鉄マンカン鉱よりのマンガ γフェライトの生成 373 
反応 (1)の前述の LlFO値は点で表わされる。 (4)式の直線も (1)式の点も共に負の値をとるが
11500Cにおいては (1)式の負値は (4)に比べて非常に高く同時反応として反応 (4)の進行は考え
られない。 しかし低温では反応(1)のLlPO値は不明であり，かっ固相反応のために反応速度も
小さいことが考えられるので反応(4)も反応(1)に平行して起ることも推測できる。図-1におい











行し， 1000oC， 30 min以上の実験条件に
おいてはほぼ均一な MnFez04となる過
程を示すものと考えられる。





















配合モル比は Mn304:Fe203= 1: 3とな






































MnO.Mn203十Fe203一一→MnO・Fe203 + Mn203 
3 Mn203一一→2Mn304 + 1/2 O2 
(3' ) 
(3") 
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(Fe K<!) '-. .
図 7 各配合比の Mn304-Fe20，混合粉体の加熱生成物の
X線回折図 L空気中) F: マンカンブエライト
常温にもち来される。これは F巴20360%，45%の回折線がきわめて簡単なスピネノレ立方品の構
造を示していることに一致する。また純 Mn304は1l600Cにおける
Mn304 (立方)-= Mn304 (正方)
のきわめて速度の早い結品変態によって正方構造に変化し，これが常温にもち来されているも


































































































2. Mn/Fe比 1:2と一定にして MnOとFe203および Mn304とFe304より N2気流中で
MnFe204の合成実験を行なった。それぞれ次の皮応式が推定される。
MnO十Fe203=恥1nFe204




1/3 Mn304 + Fe203ニ MnFez04十1/602 (3 ) 
4. 空気中の Mn304，Fe203の混合粉体においても (3)式の反応が起るが O2の解離がおさ
えられ lOOOOC加熱におし、ても Mn203の存在が認められた。
5. Mn/Fe 比をいろいろ変化させ Mn30cFe303 混合粉体を1l00~12000Cにおいて加熱
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28種類の共重合体を合成L， 得られたものは 2~6 万の範囲の分子量のものであり，
射出成型機に円柱状にし，試料として用いられた。パラレノレプラストメーターによ司て，
20~60 kg， 30~ 1000Cの範囲において 24時間測定が行なわれ， その結果，r=Aexp(uj 
RT) (T・遅延時間，u:内部エネノレギー，R:カス恒数，T:絶対温度)の関係，及び， 600C
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45. 3.10 開発技報， 12 圧縮性流体の管内衝撃波伝播に関する研究
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はブランケット内外の拡散係数は上昇流速の 1.2-1.3乗に比例し，ブヲ γ ケット厚の l
乗に逆比例する。③プランケット界函と清澄部の砿散係数の値は等しい。 ④ブランケッ
トの安定が保ち難くなる領域では拡散係数は急激に増大すること等を明らかにした。
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45. 3. 2次元多質系の振動性状について(その 2)ー細長L、平面形を有する建物の振動解析
4. 9. 1 

































































































4. 4. 5 精機学会春季大会学術講演会前刷機械要素のゆるみ機構(第2報)

























































































冷凍， 44 (500) 





Decomposition Reaction of Fused NaCN and 
N.aCNO Salt and Its Relation to the Nitriding 
of steel 
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